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ABSTRACT 
 
This is a visual communication study of the graphic sign making and recognition 
capabilities of bonobo-chimpanzees (Pan paniscus).  The study applies principles of 
semiotics to assess the bonobo-chimpanzee’s potential for meaningful communication 
through figurative signs. This research sees a distinction between art (expressive) and visual 
communication (informative), with emphasis on meaningful information exchange. Three 
tests are conducted. Test 1 involved the  production of recognizable and representational 
imagery by bonobo-chimpanzees, who were asked in a standardized testing format to depict 
subjects from photographs. Test 2 was an assessment of their ability to recognize extremely 
simplified iconic signs to their respective photographs and remembering their intended 
meaning by selecting them from a series of two, three, and six different photographs. In Test 
3, the bonobo-chimpanzees were asked for verification of each of their iconic drawings by 
matching to the photo each drawing from which it was depicted. These tests were statistically 
calculated for their significance (success rate). The capabilities needed to accomplish such 
tests are visual literacy and high cognition allowing for graphic representation and 
interpretation—an assembly of traits thought unique only to humans. These are capabilities 
that bonobo-chimpanzees have never shown empirically prior to this research. The results of 
this study show that bonobo-chimpanzees do have representational mark-making capabilities. 
They can recognize extremely simplified icons from photographs, and their marks have 
referential meaning to them across time. These results were statistically significant in Kanzi 
(bonobo-chimpanzee) and approaching significance in Pan Banisha (bonobo-chimpanzee). 
  
 
x
These results are deserving of a continued multidisciplinary approach to Hominid 
interspecies communication. 
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CHAPTER 1. OVERVIEW 
This is a visual communication study using the principles developed in the field of 
semiotics. The aim of this study is to evaluate and describe the graphic sign making and sign 
recognition capabilities of bonobos in order to determine whether or not this species could 
have the potential for written symbolic communication. Specifically, the goal is to assess 
whether two linguistically competent bonobos can produce figurative signs (also called 
“icons”) and remember them in much the same way that humans have learned to make and 
use such marks for the purpose of communication. In addition, it seeks to determine the 
bonobos’ ability to learn new iconic signs.  
1.1 Introduction 
1.1.1 Hypothesis 
Given that humans developed this ability over time by beginning with figurative 
marks, it is possible that bonobos (Pan paniscus) could develop this skill as well. Iconic 
signs used in these tests are different from the bonobos’ previous learning of the completely 
abstract symbols known as lexigrams. These tests will demonstrate the bonobos’ capabilities 
in recognizing iconic figurative signs to their respective photographs, their associative 
thinking competency, and sign production abilities which they have not demonstrated as yet. 
Based on the reasonable evidence from previous research conducted by Professor Sue 
Savage-Rumbaugh that the bonobos have learned to recognize and communicate in an 
abstract symbolic language, the author is interested in testing their iconic figurative sign 
production and recognition capabilities as a continuation of past research done through 
symbolic communication with them (Savage-Rumbaugh et al., 1994).  
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1.1.2 The 3 Components of the Test 
Test 1: the bonobos are shown a demonstration of how a photograph can be 
simplified to a simple contour drawing, which is limited to line, and shows only the most 
significant shape distinctions. They are given an opportunity to draw several about 20 
images from photos. These images are then studied to see if they appear to have any visual 
similarities to the photos. This is to test their mark-making skills, and to study how they 
depict the photos they are shown. For example, are their drawings more complex than the 
icons demonstrated? Less unified? Focused more on one detail than the whole image? 
Observations from their drawings may alter the expectations of test 2; it may be necessary to 
revise the drawn icons to better relate to the bonobos’ way of drawing.  
 
Test 2: the bonobos are shown 20 different iconic marks that represent animals or 
objects. They will be given a chance to match that icon with the photograph that it represents 
from a variety of different photos. If they have a high success with this, it suggests that they 
have an ability to mentally relate a simplified iconic drawing to the object it represents.  
 
Test 3: the bonobos are asked to identify which photos they were trying to draw in 
test 1. This is to determine whether or not their drawings were unintentional (or scribbles) or 
intentional representations of some kind. If they have no recollection of what the drawing 
represents, it might not have been a true representation of their drawing abilities; with their 
recollection representational imagery can be determined. The drawings may offer us 
comparable information, and may have referential components related to the original photo. 
perhaps this can be added last by me. 
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This test will build on what is known about pictorial representation for bonobos. 
They have already demonstrated the ability to recognize photographs as representations of 
living things or three-dimensional objects. Peterson’s (2007) work showed an ability of 
bonobos to recognize illustrative depictions. Iconic marks have many advantages over 
photos and illustrations in that they can be reduced to a very small size without losing their 
clarity. If the bonobos find it easy to recognize a simple icon as referencing a specific object, 
this could suggest the use of iconic marks for future additions to the lexigram language, or 
other visual communication that requires extreme simplification.  
Previous research has demonstrated that these two bonobos have spontaneously 
acquired the capacity to employ abstract symbolic lexigrams for the purposes of 
communication in both the productive and receptive domain (Savage-Rumbaugh, 1994). 
Unlike other sign-using Great Apes, training was not needed to induce the emergence of 
linguistic abilities in Kanzi (a 26-year-old male) and Pan Banisha (a 22-year-old female). 
Both bonobos reside at The Great Ape Trust of Iowa in Des Moines (Figure 1). Exposure to 
a Pan/Homo culture resulted in the emergence of linguistic competency in both the auditory 
and graphic domain (Savage-Rumbaugh, 2005). 
The current work represents the next logical advance of the early findings. Given 
that Kanzi and Pan Banisha can acquire, recall, and utilize both auditory and graphic 
symbols for the purpose of linguistic communication, it becomes important to determine 
whether or not they can produce graphic and auditory symbols of their own creation. This 
paper focuses on the graphic domain and follows up on the observational data on wild 
bonobos (Davidson, 1997) which suggest that they may be employing alteration of 
vegetation as a means of graphic signaling. Graphic communication has some significant 
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advantages over auditory communication in that it is silent and thereby does not draw the 
attention of predators or others for whom the message may not be intended. It is relatively 
permanent, and thus a signal can be left for another even though the sender may not see 
and/or hear the receiver at the time the signal is sent (Curtis, 2006). It can rely on high 
degrees of iconicity, thus allowing new meanings to be clearly communicated from the first 
usage, if both parties are knowledgeable of the principle of iconicity, and if both parties tend 
to visualize iconic representations in a similar manner. 
While this study focuses on “mark making” solely for the purpose of determining its 
communicative potential, much of the existing literature on the topic of nonhuman graphic 
productions describes such marks as “art.” This term is never used so broadly in the field of 
art itself, as a distinction would be made between visual communication and personal 
expression. Among scientists, however, the word “art” has come to define all mark making, 
whether communicative or expressive. Throughout the review of literature, therefore, the 
term “art” will be referred to according to the source being cited, even though this study 
intends whenever possible to keep communication and creative expression distinct.  
In human culture everything that is created is organized in a form or order according 
to researchers in the field of mark making. Even our unintelligible markings and doodling all 
have significance. Unfortunately, if the “reader” of such marks lacks information about the 
intended message, the marks might be dismissed as unintelligible, meaningless, or simply as 
“art.” Thus the scribblings of bonobos might have communicative intentions that have yet to 
be interpreted, and the distinction between art and visual communication is needed and is 
worthy of study.  
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Desmond Morris (1962) has portrayed human art as the manifestation of six 
principles, five of which have been documented in chimpanzee (Pan troglodytes) art. These 
principles are: (a) conducting an activity for the purpose of reciprocation for the activity; (b) 
the artist pays attention to his/her painting and changes or produces it on his/her own accord; 
(c) the artwork piece may be distinguished calligraphically—meaning by the artist’s 
signature or having features that are discerned as solely his/her own seen repeatedly; (d) 
variability of produced themes in the art works; and (e) optimal heterogeneity in shape, 
pattern, form, and design. The sixth and final principle, not seen by Morris in his research 
with over 28 nonhuman hominids (Great Apes), is the use of universal imagery such as stick 
figures representing people in drawings by children from all over the world. These skills 
gradually develop in children between the ages of 2 to 4 (Morris, 1962). Congo, a 
human-reared chimpanzee, managed to draw perfect circles and added markings inside 
them, yet did not produce a recognizable face (see chapter 3 on drawing development). 
Morris refers to the universal development of a 3- to 4-year-old child when he/she draws 
human figures first as a circle with a line branching out of it, followed later with lines 
radiating from it, and lastly as a stick human figure (when the child is 5 years of age) 
(Morris, 1962).  
 The representational sign or mark is produced through the intellectual 
processes of portraying an idea, a picture, or a subject from reality. Such a process can result 
in figurative representational image making or abstract geometric markings. Much is known 
about the sign making of early humans. The first symbolic images are thought to be 
schematic, abstract geometric markings (Figure 1) carved on red ochre. In archaic human 
(Homo sapiens) and Neanderthal (Homo Neanderthalensis) cultures, recognition of a 
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simplified form that was reminiscent of something in reality may have been the trigger to 
sign or mark making. This spark of recognition might have begun by observing a crack on 
the wall shaped like a bison or horse, which was then elaborated on intentionally (Figure 2), 
or by observing the shimmering of light and shadow on the cave walls, which might have 
reminded the observer of images they recognize. These experiences may have given early 
humans the incentive to represent their own imagined pictures in a way that would 
have meaning that others could understand. 
 
 
 
 
 
 
Figure 1. Symbolic addition to natural formation (Doring, 2000) 
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Figure 2. Blombos Cave, South Africa (77,000 B.P.) (Zimmer, 2005) 
 
Many of the early human signs are based on simplified iconic forms such as zigzag 
lines representing water, circles for the sun or moon, inverted V for mountains, and a 
symmetrical stick figure for man (Figure 3). This mark making is a transformation in 
thought process from a three-dimensional comprehension to a two-dimensional 
interpretation in a new form of graphic communication (Figure 4). These visual signs, icons, 
or pictographs are limited by their independent capacity for recognition. For the intended 
reader of the sign to understand its meaning, he/she must have cognitive skills of subject 
reduction (from reality to depiction) association, visual perception, and recognition 
capabilities (Meggs, 1989).  
 
  
 
 
Figure 3. Meaningful Aboriginal mark making (Davidson, 1936) 
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Figure 4. Aboriginal cave art, Katatjuta, Central Australia. (J. Isaacs, 2000)  
 
Building on previous results with iconic recognition, this study investigates the 
bonobos’ skills of identifying simple icons (simplification of a form compared to what is 
seen in reality such as the depiction of its basic contour or shape) and recognition (a process 
of thinking and understanding the pattern/object as it recurs to the viewer). Both bonobos 
(Pan paniscus) and chimpanzees (Pan troglodytes) have been shown to recognize iconic 
drawings, as demonstrated by Savage-Rumbaugh (1994) with chimpanzees, Sherman and 
Austin; and by Peterson (2007) with bonobos, Kanzi and Pan Banisha. 
The bonobos selected for this study have extensive experience communicating with 
symbolic forms and some experience with drawing. It should be emphasized that Pan 
Banisha has been documented to draw her chosen lexigrams on the floor with chalk when 
she has no keyboard next to her but wants to convey her wishes. An example of this is her 
request to go outdoors by drawing an “A-frame” (the lexigram is of an inverted “V”) and the 
lexigram for “Flat rock,” a forest location (Figure 5). Pan Banisha’s depictions of the 
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symbols have an uncanny resemblance to their intended lexigram symbols that she points to 
when describing what she drew (Savage-Rumbaugh et al., 1994). This gives us possible  
 
 
 
 
 
 
Figure 5. Compare Pan Banisha’s drawn symbols to their respective “lexigrams” 
(Roffman et al., 2007). 
 
backing to the hypothesis that Pan Banisha can also create signs for new concepts or 
images to which she is exposed. 
Conclusions derived from these three tests may show possible sign recognition 
ability by chimpanzees and allow for possible inferences on cultural exposure of the 
cross-fostered chimpanzees and possible theoretical inferences on common Hominid-shared 
traits of association, creativity and abstraction. This could enhance their communication 
with humans by offering new ways to expand on the lexigrams they currently know. Due to 
the fact that the bonobos’ marks would be at the earliest stage of refinement, this study may 
contribute to understanding the origins of figurative and abstract sign making by human 
cultures. It may also help create new routes of communication between humans and bonobos 
by determining the bonobos’ preference for certain kinds of signs—since they may have an 
easier time learning marks that relate to their preferences. Most importantly, this study could 
  
10
also shed light about the possibility that iconic marks might be an accepted alternative for 
chimpanzees to learn in addition to the arbitrary symbolic forms of the lexigrams.  
 
1.2 Operational Definitions 
“Semiotics” studies the behavioral or cultural aspects and usage of signs and signals. 
Its main terminology includes:       
Sign (mark): a mark or sign is representational, such as a schematic bird sign to  
reference an actual bird (Frutiger, 1981). 
Symbol: if the sign represents an abstract concept, or is not visually reflective of the 
object it refers to, it is regarded as a symbol; which necessitates previously taught cultural 
exposure to interpret its intended meaning. These signs’ subsequent meaning may also 
depend on their context. Most of the bonobo lexigrams are symbols (Berger, 1989). 
Index: an index is a sign that is directly correlated to the depicted item through 
association (egg referencing chicken) or cause and effect (a paw print referencing a wolf). 
Graphically mapping of territories in human cultures uses indexes to refer to mountains, 
lakes, or landmarks (Kress et al, 1996). 
Icon: an icon is a sign that visually resembles the original object represented, and is 
compiled of its main definable traits and is figuratively reflective of it; this correlation is 
usually straight forward (Frutiger, 1981). 
Image: A broadly used term to describe photographic, pictorial representation, 
whether it be a drawing or photograph (Berger, 1989). 
Pictograph: a sign that represents the ‘real’ object generally in shape; tends to be 
most parsimonious way to depict an object as a simplistic linear sign (i.e., “V” shape for  
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signifying “bird” in flight) (Frutiger, 1981). 
Schematic: a simplistic sign or marking (Kress et al, 1996). 
Memory agents: associative features of a mark or sign that give clues to its meaning 
or reference (Frutiger, 1981). 
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CHAPTER 2. REVIEW OF LITERATURE 
 
2.1 SIGN DEVELOPMENT 
2.1.1 Prehistoric Communicative Systems 
It is thought language developed with bipedal Hominins three million years ago with 
both gradually more complex speech and verbal associations and communicative systems 
that include nonverbal gestural signs at the same time. These verbal and nonverbal signs 
evolved with more sophisticated social systems and sexual division of labor in 
hunter-gatherers who communicated through the exchanging of information. All Hominids 
are thought to exhibit gesture and nonverbal signs, yet verbal signs relating to speech are 
regarded specifically as a Homo genus trait (Bednarik, 2003). Cranial case capacity or brain 
size is generally correlated with language systems in Homo. Homo habilis, possessing the 
smallest brain in this genus (600–800 cc), is thought not able to communicate via verbal 
speech, yet had the potential of mental representational and associative systems seen in 
rudimentary stone tool making. (Bednarik, 2006) Homo erectus (800–1,200 cc) is thought to 
have verbal capabilities very similar to humans. Their creation of tools that were 
preconceived and their control of fire probably developed together with language (Wolpoff, 
1997). However, in Homo neanderthalensis (1,500 cc) and modern humans Homo sapien 
sapiens (1,450 cc), language as a classificatory speech system was established. Yet 
nonverbal communicational exchange of information in gestures and signs seems to 
characterize all Hominins as a prerequisite to language (Sebeok, 1994). This is the “standard 
theory.” The tool making, music production, and symbolic communicational abilities that 
have emerged from the Rumbaugh/Bonobo (Pan/Homo) culture, however, raise questions 
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about the stability of Sebeok’s perspective (Kanzi et al., 2006). Bonobos are able to 
voluntarily vocalize, and preliminary studies suggest an ability to alter the vocal repertoire 
(Taglialatela et al. 2003). These skills, coupled with their known linguistic skills to invent 
symbols, acquire them without training, and use them to represent and comprehend events 
absent in space and time, suggest that a more sophisticated approach is needed for the study 
of bonobo communication systems in the wild and in captivity (sanctuaries). Bonobos are 
also capable of linguistic exchanges in their natural habitats. (S. Savage-Rumbaugh, 
personal communication, 8 July, 2008) 
 
2.1.1.1 Pigment Usage 
It is thought that Neanderthals (archaic humans) used red ochre for unknown 
purposes that may very well have a symbolic component to them. Through this form of 
symbolism, a link with the development of the human vocal tract and emergence of 
language production was thought about due to anatomical findings of a Neanderthal with a 
lower larynx (associated with a vocal tract) that allows for relatively humanlike speech. The 
connection between speech and cave images is due to the meaningful narrative that 
accompanies marking, as seen in contemporary Aboriginal cultures. Each marking has not 
only iconic straightforward representation, but more often language is used to explain 
meanings behind every marking. Language is used to describe meanings that are culturally 
dependable (Doring, 2000). 
The use of red ochre pigments by these archaic humans is associated with cultural 
practices that have taken place since 35,000 years ago and are still used in present day 
cultures. In the French Terra Amata caves, red, yellow, and purple ochre pigment portions 
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were dated to be 300,000 years ago, and on them were signs of usage. The use of these 
pigments was undoubtedly intentional, since such pigment making and application is a 
complex process of mining for ochre, burning the minerals, crushing the portions, and 
placing them together with sticking liquid such as fat or water. Pigment usage could be for 
body coloring, implying a possible strategy for unique hunting party identity, or interpreted 
as social alliance colors and inter-group differentiation (Bednarik, 2003).  
The application of pigment to objects or events has significant meaning such as 
cultural symbolic associative implications and traditions. The red color is hypothesized to 
have been associated with death, blood, and life to Neanderthal and Cro-Magnons (modern 
humans) 35,000 years ago in the Upper Paleolithic, yet various ochre mining locations have 
also been found in Israel at the Geula and Qafzeh caves and in Mousterian Europe (44,000 
years ago). A symbolic practice can be seen in an Archaic human burial in which red ochre 
was deposited in a structure of animal bones positioned around it; in other burials, stone 
tools and red ochre pigments were placed in the graves (in Qafzeh, Israel) (Wolpoff, 1997). 
In La Chapelle, France, quartz crystals, red pigment, and animal bones were placed in a 
Cro-Magnon burial—these may perhaps have been the person’s belongings (Rothenberg, 
1967). The Neanderthal cavemen may have symbolically placed red pigment on their dead 
as a sign for death, fertility, or blood. The red color of blood is a fact of life, and as the 
cavemen developed abstract associative thinking, they used it in symbolic rituals. It is 
thought that language itself arose through associative vocalizations to represent animals and 
objects (onomatopoeia) (Wreschner, 1976).  
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2.1.2 Early Markings 
In terms of dealing with dangers, tribal war painting is likely to have originated from 
hiding tactics of rival groups covering their bodies in mud and pigment in order to 
camouflage themselves from enemy tribes or threatening animals. Later, tribal body 
markings made by paints or engravings (Figure 6) become significant in that they symbolize 
power, strength, or other abstract concepts. Making these markings on tools, weapons, and 
cave walls are (according to some) an evident advancement of symbolic thinking and 
communication of abstract meanings of association (Figure 7) (Williams, 2002). 
 
 
 
 
 
 
 
 
 
Figure 6. Aborigine “body painting” (Isaacs, 2000).    Figure 7. Aboriginal symbolic markings    
                                                                                          (Davidson 1936). 
 
The next step in symbolic abstract thought is strategically cutting one’s body in 
various places to signify productivity or fighting prowess (the stages here are theoretical 
reconstructions done by the western-modern human mind rather than ethnographic).   
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The conceptuality of a strong and powerful man or woman affect mating choice is 
thought as one possible theory in the development of markings in Homo Sapiens (AMH: 
Anatomically Modern Humans): once a person marks him/herself with similar injury-like 
markings, he is manipulating others to see his hidden narratives in the marks. This mark 
meaning does not require interpretation that necessitates a learning process as it is a natural 
understanding of a highly self-conscious, cognitive and intellectual hominid being that sees 
him or herself through the eyes of others—in other words has a sense of self, possibly being 
the first form of sign or symbol making in the Hominin lineage (Bednarik, 2003). This may 
provide explanation for modern day cultures’ initiation ceremonies where youths can prove 
their worthiness of being a grownup by undergoing painful bodily cut marks and injuries—a 
possible remnant of ancient marks of injuries by cave men and women to prove their success 
in hunting and survival. These present day cultural markings were not done for decoration 
but for a rite of passage into societies that have adopted ritualistic contexts rather than out of 
survival experience. Thus, Carl G. Jung (1875–1961) stated that ritual traditions are in the 
mind of the collective in which a single member has forgotten the ancient concepts behind 
it, but their culture continuously retains them unconsciously for the purpose of keeping their 
unique identity across the ages; similar to symbols or signs, these rituals also depend on 
repetition in order to be preserved in memory (Jean, 1998).  
Evidence of giving symbolic attribution to objects via signs can be seen in the 2,000 
or so discovered prehistoric painted Mas d’Azile stones of France (Figure 8) that exhibit 
stripes, geometric patterns, dots, circles and other markings from 14,000 years ago in the 
Magdalenian era. The stones were comparable to each other and pairings between them in a 
form of classification could be made; while their meaning is unknown, they likely signify 
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either group affiliation, or a means of trade. These were not made for decoration purposes as 
their extensive diversity of geometric and abstract may represent family markers or “flags,” 
or perhaps objects of personal naming or possession as seen in other prehistoric contexts of 
object marking. (Hodgson D., et l, 2006) 
 
 
 
 
 
 
 
 
 
Figure 8. Mas d’Azile stones of France (Neolithic “script”) (A. Frutiger, 1981) 
 
The endless attribution of meaning to geometric patterns and shapes requires a 
learning process to understand its cultural significance beyond decoration or aesthetic value; 
thus, any contemporary interpretation remains speculative. Attempts to interpret some of the 
markings, animal or chimera signs in prehistoric caves provide suggestion that there might 
be unknown meanings and symbolism known by their creators, their families and their tribal 
communities alone. Some meanings remain a mystery, while in other cases possible 
interpretations have been made. The significance of chimeras in human cultures is thought 
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to be the correlation between the impulsive animal instinct in the human subconscious; earth 
and sky (represented by the roots and branches); terrestrial and spiritual (Chimera is thought 
to be a result of shamanic hallucinations in altered states of consciousness in which visions 
of animal/human hybrids are seen, another theory is that cave peoples wearing animal pelts 
and skulls are depicted on cave walls.) Further examples of primitive signs include spiral 
markings also seen in cave art, which are abstract and possibly associated with the instinct 
of fear, security and comfort. Spirals as abstract signs are thought to represent the start and 
ending of life, birth giving, growth and the radiating sun with its circular shapes giving a 
calming effect as a ripple in a shape that is dynamic. Objects that inspired the production of 
growth symbols could include branches, antlers and roots. The opposite reaction of 
discomfort and negativity would result from angular shapes that are more associated with 
weapons or lightning to signify death (i.e., spear or arrow markings).  
Some early signs show depictions of plant life. Trees are frequently seen and may 
symbolize a wide range of ideas: birth, growth, life or death, protection, immortality, 
knowledge, happiness, abundance, richness, plenty, anticipation, life cycles, and seasonality. 
This multitude of tree interpretations may be due to their significance—trees command 
attention by their immense height, they are seen as objects of longevity spanning many 
generations, and they were even possibly worshiped or given high respect due to the 
resources they provide for spear making, habitation, security, and many other aspects 
essential for survival. Flowers also have a wide range of interpretations signifying emotions, 
fertilization, rebirth, beauty, love, life and death (Frutiger, 1981).  
The strong relation between nature and ancient humans was well exhibited in the 
extensive depiction of animals and natural signs in cave art, with the comparative rareness of 
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human figures depicted showing the insignificance of man compared to the immensity and 
importance of nature (Figure 9). In rituals and on hunting journeys, foliage was probably 
used in displays, rain-dances and disguises. This type of close affinity with trees, and the use 
of animal pelts for disguise is “probably” a cultural manifestation of associative thinking. 
 
 
 
 
 
 
 
Figure 9. Chauvet Cave, France, 32,000 BP (no humans are depicted) 
 
This involved the representation of one thing for another, allowing for symbolic and 
abstract thinking to emerge. In this expression of manipulation, mimicking, and imitation, 
concepts that previously needed complex gestures and body language or pantomime could 
now be accomplished through other forms of communication. Symbolic sign making is a 
fitting solution for transmitting these kinds of information complexities. If there are new 
threats approaching in a community of cave dwellers, signs may be used to signify the level 
of danger by depicting a simplified representation on the wall that all members of the group 
can understand. (Klein, 2002)  
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2.1.3 Color in Symbology 
Colors have an additional aspect in associative thinking: between coloration and 
reaction or interpretation. Some color associations seem rooted in the subconscious; for 
example, the fact that some poisonous animals that have contrasting colors of black and 
yellow (Figure 10) on the body continues to be understood and used (Figure 11) for 
communicative purposes.1 These signals continue to be utilized by tribes in terms of 
signaling an immediate threatening nonverbal message to their rivals via body painting, or 
spatial marking.  
  
 
 
 
                            
       
 Figure 10. Banded Krait (Bungarus fasciatus)       Figure 11. “Fatally Dangerous” index (Jean, 
1998) 
  
As poisonous (or mimicking poisonous animals) like snakes, reptiles, amphibians, 
insects and spiders posses black and yellow or red and black coloration as a danger signal to 
predators as a survival adaptation mechanism, so perhaps the archaic humans used these 
                                                 
1 Even in present day the sign for radioactivity and biohazard is black and yellow. 
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colors as well in a symbolic connotation—these colorings may include body or facial 
pigment painting or marking.  
Many of the earliest humans made signs and geometric decorations (as in the 
geometric carved rock of Blombos cave, South Africa) that have a correlation to shapes and 
designs found in nature (Figure 12) and seen by them on a daily basis. For instance, the 
warning sign for danger is the “Red X” found on the back of black widow spiders, and this 
mark is symbolically used by Humans to this day to signify death and blood. Decoration 
patterns such as coins, zigzags, stripes, triangles, rectangles, ovals or waves can be seen on 
snake skins the world over (J. Isaacs, 1997). 
 
 
 
 
 
 
 
 
 
Figure 12. Deadly “X” mark of Black Widow Spider (Latrodectus mactans) 
 
Interestingly, Claude Lévi-Strauss, influential 20th century anthropologist, regarded 
facial and body painting and marking of tribes as a form of signage and signal. These signals 
and signs marked on tribal men and women’s bodies are not just for status but provide 
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temporary or permanent visual linkage to their society; they give them identity and 
symbolically empower them with a collective spirit, providing sense of security and 
responsibility towards each other (Figure 13). Anthropological ethnographic references can 
be made with African tribes’ such as the Ndembu’s usage of black, red and white colors in 
their ceremonies, with each color signifying sophisticated abstract concepts reflecting 
spirituality, group status and participatory roles. The color red is referenced as blood to 
signify battling, hunting, survival, and rebirth; white signifies calmness, lactation and 
fertility, and black is a sign of mourning, decay or perhaps stormy weather as a sign of 
rebirth (Jean, 1998).   
 
 
 
 
 
 
 
 
 
 
    Figure 13. Aborigine ritualistic body painting, 2008 A.D. 
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2.1.4 Animal Tracking and Human Symbol Development 
Tracks are the quintessential graphic signs, they had to been the first to dawn on the 
consciousness as they are both iconic and noniconic (conceptual), but they also depict 
movement across time as what even made them is long gone yet can still be tracked, which 
is what other signs are not interpreted as doing. Representation can take a variety of forms 
and that our particular outline and/or stick format is probably one set of many that is 
culturally determined. Savage-Rumbaugh states that Non-Human Hominids are capable of 
recognizing tracks but all other primates (monkeys) do not (based on current knowledge). 
This may relate to the concept of self-awareness self concept to be able to deliberately leave 
a mark or have the ability to know that marks are left by others (suchas animals who do this 
unknowingly) (S. Savage-Rumbaugh, personal communication, 8 July, 2008).   
Importantly, the following of animal tracks in hunting is also the earliest “abstract” 
sign association with meaning or interpretation of an animal not seen in the area at the time 
the track was found. The memory of different tracks can mean the difference between 
following an animal or starving (Figure 14); since hominids do not possess old factory 
sensory mechanisms for acute smelling or hearing they depend on their intelligence, sense of 
mapping, complex communicational capabilities and tool use production to find food to 
insure their survival.2 These capabilities had to be honed in order to ensure safety on all the  
 
 
                                                 
2 even in times of severe draught, where following animal tracks can not only lead to a specific animal of 
interest but also to locate a water hole as well - water, being the most precious resource in an arid environment. 
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Figure 14. Aborigine animal icons and foot print marks drawn on cave wall, compared with real 
             foot print in thesand. Colored photos: (Doring, 2000), Drawings (Davidson, 1936) 
 
nomadic journeys early Hominins undertook from Eastern African Rift Valley to the 
rest of the old world (Doring, 2000). 
The association of track to animal is linked to higher abstract, conceptual, and 
cognitive processes of a brain capacity that significantly gradually increases, with the 
highest brain case size of Neanderthals. These tracks were not only memorized in function 
but also in structure and form, with the community hunters showing their youths what 
animals to hunt visually in the field and the track marks that they leave behind. This not only 
allowed for more efficient hunting strategies, but also built stronger bonds between the 
hunters old and young. The memory of tracks and then creating impressions of them on the 
sand shows an evolutionary leap in sign production, recognition and interpretation. A waved 
line on the sand would be interpreted by an unknowing individual as a progression of a 
narrow depression in the ground, but to a skilled hunter-gatherer and his educated siblings it 
signifies that a potentially poisonous snake is lurking around in the cave. In order to know 
what animals have unintentionally entered the cave home at night a possible daily flattening, 
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clearing and cleaning of the sand in the entrance was needed for the family’s security and 
hygiene (this is known in the army and trackers lexicon as a “confusion trail”) (Doring, 
2000) 
By having a mental map of a diversity of track marks a new form of communication 
arises through the production of visual signals and signs. Being able to draw a marking that 
represent animals in such a simplistic abstract fashion allows for narratives to be presented 
and strategies to be thought of prior to the hunt itself.3 These marks can be in time even 
painted on ones body to ritualistically gain the power of the animal they represent (Doring, 
2000). Some markings on cave walls or carved on rocks (such as cave painted row of pairs 
of dots in progression), which seem decorative to the uneducated eye, may very well 
represent animal track references that the ancient human can reflect on. Tracks are as diverse 
as the animals that made them and perhaps the unintelligible marks that are found on caves 
(figure 14) represent extinct animal tracks or other visual characteristics that may be 
associated to them.  
 
 
 
 
 
                                                 
3 If there is one animal of significance that one wants to refer to in basic group communication, quickly and 
without the need for time-consuming or creative ability of figuratively drawing the contour of it on a rock or 
wall the next best recognizable image to represent it would be a mark or sign that signifies the animal itself. 
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Figure 15. Croc-skin inspiration for Gwion-Gwion Aboriginal mark making? (Doring, 2000) 
 
                                                                          
 
 
 
 
Figure 16. Unintelligible cave marks, Chauvet France  
2.2 Semiotics 
Semiotics is the academic empirical study of signs, signals and markings associating 
meanings via communication; it deals with the bilateral exchange between the mental and 
the physical action that takes place as a result of being a part of a culture. The term semiotics 
is sometimes used interchangeably with the term visual communication. The discipline of 
semiotics studies the exchange of information through the use of sign systems that 
communicate ideas from a sender to a receiver. Examination of the field of semiotics is vital 
to a study of bonobo mark making, in that we are interested in the communicative aspects of 
their marks, not merely in their artistic merits. 
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2.2.1 The Origins of Semiotic Theory 
 The principle of semiotics was developed in the fields of linguistics and 
philosophy, most notably by philosopher C.S. Peirce (1839–1914) and linguist Ferdinand de 
Saussure (1857–1913). Peirce stated the connection between the marking, the figure it 
represents and the one deciphering it, as a process of informational exchange with one sign 
allowing a format for others to evolve. (Frutiger, 1981) 
According to de Saussure, the information exchange in visual signs are comprised  
of: (a) the signified—the object as it is seen in reality and which the sign maker 
wants to represent, (b) the signifier—the completed sign itself, and (c) the interpreter—the 
one deciphering the sign. (Figure 17). De Saussure examined the representation of subjects 
from reality into signs, with the iconic structures known as “signifiers” and their respective 
interpretation of the “signified” (Kress et al., 1996). De Saussure’s theory of representational 
forms was further developed in 1930 by the Prague School, specifically, the Czech 
academician Jan Mukaovský (1891–1975), who wrote extensively on aesthetics, structure, 
sign, and function as social constructs. 
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Figure 17. Signifier (right) Signified (left) 
 
A sign or mark producer creates not only a form but also transmits information. In 
order to allow for the intended interpretation, the sign needs to be clear with sufficient 
correlations of its main components or characteristic features to those of the original object 
depicted. Comprehending the correlation between the mark and the original object means 
understanding both the sign and its respective subject. If the reader understands the intended 
meaning of the sign, then information was successfully exchanged.  
Not all signs are made by humans. Naturally produced signs and signals may serve 
as either indicators or warnings that affect the observer subconsciously, instinctually, or with 
an association that comes from interpretation and calculation of cause and effect. For 
example, a physical mark such as a track on the ground is seen as a sign that gives reference 
to past occurrence, with the position of the track enabling directionality of the animal that 
left it. Hunter-gatherers applied interpretation to contextual evidence found in their 
environment to follow animals and to find water sources by deciphering every piece of 
evidence. Hence, these natural signs reference the original object independent of location or 
circumstance.  
 
  
29
2.2.2 Semiotics and the Human Mind 
The process of sign creation (drawn or auditory) begins with the naming of marks or 
drawings and may start as early as the age of three in humans. Usually a clear representation 
is not made of the object depicted; one or two central components that serve in the mind of 
the sign maker to associate its form and function, however, are reflected in it (i.e., circles 
reflecting wheels of a car. With the drawing now named a car, the interpretation of it can be 
made even if the whole “car” is visually unclear.  
The capabilities of a child to draw, however, begin earlier at the age of two. At this 
time drawings are active, impulsive, and unintelligible scribbles. The shift to visually 
detectable forms correlates with the child’s mental development. The most prominent 
feature of an object they wish to depict is visible when they have established a basic 
rudimentary comprehension of shape or function expressed (A. Berger, 1989). 
Intellectual capacity allows for comprehension of the signs: remembering them for 
future use or encounter with them. Jakob von Uexküll theorizes the processes needed to 
analyze signs systems in which the human mind has an inner program that translates an 
object’s structure into visual expressions that one creates. Such comprehension and the 
mental imprinting of actions and images through physical (body gestures) or graphic 
expression (human signs or markings) are thought to be embedded in hominid evolution and 
behavior. This ability allows youngsters to understand their environment and how they must 
function in it (Sebeok, 1994).  
According to Peirce, signs are everywhere in our world; mental images of our 
surroundings are signs as well. As we comprehend more signs, our knowledge of our 
surroundings grows (Frutiger, 1981). Signs occur naturally in our minds where thought 
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processes develop signs to learn about the world, and to memorize items, meanings, and 
locations. From mental images of “signs,” graphic and physical (gestures or body language 
to communicate ideas) expressions are then produced so others may comprehend the 
messages that the individual had initially envisioned in his/her mind (Sebeok, 1994).  
A combination of exceptional human learning capabilities, high intellectual mental 
capacities, and the emotions of the individual sign reader determines the reaction a sign  
may exert. High mental capabilities lead to a different level of functioning because of the 
bilateral exchange of consciousness. Meaning and comprehension of visual imagery  
depends on the interpreter’s previous experiences and his/her previous knowledge 
(Savage-Rumbaugh, 2008). 
2.2.3 Semiotics and Cultural Influences 
Creating and interpreting signs is thought to be a solely Hominid cultural trait. 
Individual perception is thought to be constructed by the culture one lives in and the 
environment that surrounds it, along with events that are seen or actions practiced there. 
These components may be represented in culturally created signs and depend on 
participation for correct interpretation.  
Human reaction to signs depends on cultural sets of rules or codes that signal what to 
do when faced with certain visual images (i.e., this may be in the form of immediate 
interpretation of a sign of danger (as in the icon of tumbling boulders drawn at the side of a 
mountain wall). In a culture that uses iconic signs as a way of life, it is easy for them to 
interpret descriptive signs, with one’s reaction to it being ultimately subconscious or 
immediate. Varied experiences and cultural differences can affect the meaning, making 
interpretation of signs difficult. In addition, images can cause emotional reactions in the 
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observers and can be interpreted differently (Berger, 1989). Hence, a person from one 
culture may see a drawing of a “mushroom” as “food,” while a member of another culture 
may see it as “poison.”  
A sign depends on the mental, intellectual, and cultural capacities of the individual. 
It is based on associations made by its creator, who has metaphorically given it a correlated 
meaning. Sign creation depends on an individual’s exposure to social pressures necessitating 
or inspiring it, as well as a culture allowing it to grow. With children, associative 
metaphorical thinking and sign creation are nonexhaustive, as they have yet to be shaped by 
cultural taboos, norms, and culturally specific acceptable thinking. With extended exposure 
to the referenced objects or environment, understanding to perceive forms and object 
composition is needed in order to create recognizable iconography (Kress et al., 1996)  
2.2.4 Categories of Signs 
Semiotic theorists have developed the following categories to describe different 
kinds of signs (Berger, 1989): 
 1. Icon: recognizing a “likeness” to the object in reality. Although refuted by some, 
Berger contends that “iconography” that is based on visual closeness of an image 
to reality does not need sophisticated knowledge for its interpretation, only 
recognition of it. Iconic representation may be simple or complex. This type of 
sign is figuratively reminiscent of the initial event observed or visual object 
referenced. Thus, icons transmit information about the object referenced through 
visual similarity. In iconic sign interpretation, the success of deciphering 
meaning lies with effective cues enabling recognizability and transmission of 
information, with the sign substituting for reality. According to Berger, an icon is 
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merely a simple, non-detailed line drawing representation of an object; its 
observer mentally receives the “visual clues” to enable him/her to recognize the 
object in reality.  
    The meanings of icons may require knowledge taught by the specific culture 
which created it, making speculation the only option when one cannot be certain 
of its direct definition. On the other hand, once the sign is recognized, iconic 
memory is the process in which the figurative sign depiction and the mental 
image of the original object or event become one and the same. Correct 
interpretation of an icon requires adequate understanding of what is 
communicated from reality or photographic image into icon. This perceptual 
process in humans allows them to better recognize and memorize the world 
around them as they have the ability to mentally simplify real objects into a small 
amount of basic simple features. The “correct” form of object representation is 
culturally and socially specific. (Kress et al., 1996) 
2. Index: “causality” of one piece of information suggesting association to another 
(index). An “index” is understood through logical associative thinking requiring 
specific previous knowledge or experience. An indexical sign serves as a 
recorded characteristic or single trait of the figure observed; for instance, an 
animal track is an indexical sign representing the whole animal. Moreover, 
indexical marks mimic the referenced object or event, in which the process of 
naming the sign by an interpreting observer gives it meaning as a sign. The index 
is not a sign linked with likeness to a referenced object but rather linked to trait 
remembered of it by the interpreter, serving as a clue or cue of the figure, event, 
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or object referenced (as in pantomime where gestures of actions refer to an 
object). 
3. Signal: an image that signifies a feeling or intention. These can be manmade or 
circumstantial; they awaken a response or affect in the observer. These signs bear 
a transmission of information that initiates or subdues an action or feeling. 
Symptomatic signals are signs lacking sign production intentionality, for 
example, someone’s wound attracting the attention of another who associates it 
with possible pain (as shown by captive chimpanzees showing interest in a 
wound of another).  
4. Symbol: a culturally specific learned process needed for interpretation of 
symbols. Symbols  are signs that have no visual correlations to the object or 
event observed; these are thought to be solely the product of human culture 
creating generalizations for specific concepts. All symbols must be learned; some 
of them, however, tend to be purely abstract and non-figurative (Figure 18), 
while others are laden with years or even centuries of cultural connotation 
(Figure 19). 
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       Figure 18. Non-figurative Lexigrams          Figure 19. Dove as the universal symbol of peace 
 
2.2.5 Discussion 
The questions raised in a semiotic study include: (a) what marks or signs stand for, 
(b) how the marks are created, and (c) what thought processes were put into their creation. 
The strategy of icon or sign production is to have a mental visual image, emotion, or 
imaginative source and turn in into an associative physical mark that can be remembered 
and recognized while connecting between observing an event or an object in reality and 
transporting it to abstract or figurative form. The inherent ability within human culture to 
create markings and to imitate one’s surroundings, along with high cognitive associative 
capacity and cultural exchange systems, has resulted in a consistent development of 
referential mark making (see chapter 3 for discussion on relevance of semiotics to 
communication). 
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2.3 Signs and Their Development 
It is thought humans have a figurative memory in which the mind schematizes or 
simplifies objects and locations (such as landmarks) allowing for easy association with 
remembering and seeing such items in the future. These probably started out as survival 
tactics to memorize how to get to a fruiting tree or a fresh water spring in the desert. As 
Hominid cognitive capabilities advanced, so too did the memory of simplified mental 
imagery (via imagination, creativity and inventiveness) evolve into simplified sign making 
etched or drawn on rock or bone. This advancement, possibly initiated by individual creative 
discovery and later taught and used by the group, was the beginning of symbolism.  
The first signs were more likely auditory or gestural, and only later became  
etchings on rock or bone. By the time etching occurs, there is a desire to preserve the 
image/occurance of a symbol into a semi-permanent state, something that is not 
accomplished with a sign or gesture (Savage-Rumbaugh personal communication 8 July, 
2008). 
 As sign usage continued, there was a move from a more figurative to a simplified 
depiction of objects so that those with limited graphic capabilities could also join in the 
informational exchange while keeping the aspect of easy recognizability within 
schematization. This was the process in which an object retained its most apparent 
characteristics yet without the unneeded details (i.e., depicting the contour of a bison rather 
than realistically drawing every hair) (Figure 9). At times the shape of a head or one unique 
feature is enough for interpretation. The way the mind captures a memory of an object and 
remembers it visually but in a simplified version of it is reminiscent to the similar cognitive 
abilities that require looking at a broken rock and imagining a tool that can be crafted from it  
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Figure 20. Native American Petroglyph depicting a dangerous 
escarpment trail not passable by horse 
 
or a hide that can be used with which to follow animals. Each involves the process of 
observation, imitation, and utilization or functionality. 
 Imagination, association, and abstract thinking provide the grounds on which 
symbology can grow. In this sense, sign making is a form of early classification of the 
essential components of one’s environment enabling easy information transition. All of this 
is possible by simply advancing on what all Hominins have in common: culture, evolving 
tool use and development, and high cognitive capabilities. Today, as in human prehistory, 
there is a need to use easily identifiable signs that require only a glimpse to conjure up a 
whole narrative or simply just a single referential meaning. Signs can remain in place across 
time, and as one comes back to a place, they help recall and recreate the activities 
appropriate to that place, which is why the aboriginal story is written the land.  
The development of script writing from iconic signs or Egyptian Hieroglyphics to 
the more schematic and abstract form of script in Phoenician and Aramaic later evolved into 
the Greek alphabet. Spoken language moved from iconography of descriptive imagery or 
syllables (Hieroglyphs) into cuneiform tablets (Sumerian texts) and finally to written letters 
(Figure 21). 
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Figure 21. “Gezer Tablet” the development of writing, from icon to letter (Istanbul Museum, Turkey) 
 
Representational icons were the first to appear as scripts (Figure 22), and with more 
sophisticated uses of icons, rather than just descriptive of the icons they represent. 
Schematization (simplification) took place, and the icons changed into reduced forms that 
were no longer recognized as objects, but rather different words. When syllables were 
attached to them according to the sound the reader makes when looking at a combination of 
icons in progression. This process allows for more extensive vocabulary based on not only 
visually recognized objects but also on abstract emotions and thoughts previously not 
enabled by iconic drawing (Kress et al., 1996). 
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Figure 22. The development of writing, from icon to letter 
 
 
2.3.1 Simplification of Form 
As iconic representations are mirrors of their images in real life, they are the first 
easily producible expressional communicational method in human culture. Understanding 
that illustrations and iconography reflect objects from reality is a process known as “visual 
literacy.” In the graphic transformation from realistic illustration to more simplified icon, a 
reduction process occurs, keeping only the main elements that represent the object in reality. 
Only simplified, descriptive characteristics (spiral=snail) are kept to enable sending the 
meaning across quickly to the reader (Berger, 1989). Roland Barthes (Kress et al., 1996) of 
the Paris school of thought stated that in semiotic theory an illustration and later its 
respective reduced icon is the allegory of its original natural form, only suggesting in simple 
outline what it refers to, not how it really appears. Iconography is thus no longer regarded as 
art but as descriptive referential graphic informational exchange with meaning or message 
behind it that may be used in bilateral discourse; it is usually but not necessarily 
accompanied by spoken words or narrative. The creation of icons requires high 
comprehension of the individual iconographer’s surroundings and perception of abstraction, 
reduction, and creativity. Yet the simplicity of the icons after they are produced and used 
enables others to learn easily, not necessitating a unique ability to draw but just to follow 
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schematic shapes and marks that can become extensively used by all after a relatively short 
period of learning. As the icons or hieroglyphs become widely used, they become freehand 
and attention to the details diminishes with time allowing for a shift from careful stylistic 
writing to daily descriptive message exchanging (Kress et al., 1996).  
Some theorize this is the reason hieroglyphs changed into abstract letters across time, 
as there are resemblances between Phoenician letters and original Egyptian Hieroglyphs. 
“Semiotics” is known as the production of signs from reality to the graphic or from verbal to 
graphic. Hieroglyphic script culture has a graphic vocabulary box based on what they 
recognize from their living environment and experiential settings expanded upon by abstract 
concepts that enabled describing religious events or theoretical celestial ideas not found in 
reality but communicated via language and syllable. Remembering icons after their initial 
production is regarded as “semiotic referential resource”; this enables future use of these 
without the need to explain what he/she wrote as the icons will speak for themselves. Hence, 
icons as script are a form of using a language graphically (Piggot, 1961). 
There is a substantial difference between realistic drawing and sign production. 
Signs are minimal in terms of details, taking a drawing and reducing its components to a 
level that leaves only its main contours, but still enables recognition of the object or figure 
depicted. The sign interpretation demands a basic previous knowledge of the original figure 
from reality and an association of it with the simplified form (Kress et al., 1996). The farther 
away a sign gets in form from its original item of depiction, the greater the need to learn the 
meaning of the sign from educated members of the group via spoken descriptions or 
accompanying gestures to inform of the meanings.  
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For there to be a bilateral understanding of information exchanged through signs or 
marks, a clear associative or referential recognition needs to take place in a form that is 
either culturally, logically, or visually expressive of their meaning. When a sign is not 
created in a form that allows recognition, misinformation and misinterpretation begins. Icons 
drawn that are unrecognizable by others may be referencing objects that are not known by 
the contemporary culture. For instance, observers will not comprehend a mammoth icon on 
a cave wall if mammoths had vanished from the environment thousands of years earlier; 
they will have no visual reference from reality on which to base them. Some signs are 
culturally specific, meaning that a society understands them only if they are simplified and 
follow a resemblance to other signs produced by the group (i.e., hieroglyphics) making them 
“readable” (Figure 23). This may be due to a cultural visual preference in a form that is 
recognizable to them or to which they are acquainted and that is a culturally acceptable 
framework (Berger, 1989). 
 
 
 
 
 
Figure 23. Egyptian Hieratic (below) Hieroglyphics (above)—from icon to abstraction 
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2.3.2 Origin of Written Script  
It is important to note that every member of Anatomically Modern Humans have had 
language (homo sapiens) for over 190,000 years with iconic representations since 45,000 
years ago. Script creation for the purpose of documented recording of information, however,  
was relatively recent (6,000 B.C), suggesting that graphic visual communication came after 
language and out of communicational necessity of iconic or abstract information exchange 
and later for documentation purposes for trading or recording of the seasons and moon 
cycles. Trading was probably a result of sedentary peoples coming in contact with nomadic 
hunter-gatherer groups and exchanging resources the other may not have. 
 Animal domestication and initial long-term selective gathering of wild wheat 
and grain that led to agriculture enabled human groups to settle in one place and have more 
resources than they actually needed, allowing for trade and developing scripts to document 
it. As populations grew, documentation was an essential part of the economic lifestyle.  
Creational mythology and social economic recordings were then written in script beginning 
in Babylonia and ancient Sumerian civilization in 4,500 B.C. (Piggot, 1961) probably to 
ensure inheritance of crop lands among lineages. 
 
2.3.3 The Meaning of Shapes and Lines 
Archaic and modern humans are known to have a universality of geometric shape 
production in mark and sign making the world over; importantly, these signs also represent 
common meanings (Alland Jr., 1983). Triangles have a shape reminiscent to mountains and 
signify firm foundation in their symmetrical form, while squares or rectangles encompass a 
mark of interest. Circles are thought to signify security or the protection in borders as in 
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pregnancy, the life giving sun, and, depending on the way it is drawn, an impression of a 
hole or an abstract image can be made with reference to what is in it or around it (Figure 
24). Triangles are thought to signify activity or dynamics, while squares connote stability. 
Arrows can be pointing to a sign of interest, directionality, or motion; the stronger the angle 
of the arrows, the more significant the motion or pronounced the sign. Conversely, a 
horizontal line has a slower or calmer effect. Angular arrows signify action, emotion, or sign 
of threat like a weapon such as a spear or shock as lightning. This sign can also signify the 
psychological perception of survival strategies of food acquisition through hunting animals 
for food, housing, and clothing; with such spears living is possible, without it life may come 
to an end. Furthermore, the direction or the form of drawing the arrow, which is made up of 
a long straight or angular or curved line ending in a point, can present to the viewer a feeling 
of anger when drawn in strong breaking form, or ease when drawn in fine, flat, and lightly 
curved line (Berger, 1989).  
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Figure 24. Aborigine symbolic circles (J. Isaacs, 2000) 
 
Spears and arrows signify pain, trauma, or fear of getting harmed by something so 
dangerous with the edge of the point that may mean not only grabbing of attention but of 
skin when penetrated through. A long flat line may perhaps mean spear but when it is angled 
or turning in midway to either direction it turns into a sign or intended to attack attention for 
direction taking in a cave in form of signaling.  
Abstract unintelligible marks may turn figurative when the crossing area of lines are 
brought up or down, thus, either representing a tent or human stick figure respectively, an 
affect of motion or stability appear depending on whether the form is positioned straight up 
or leaning over (Berger, 1989). Caves from the upper Paleolithic (32,000 B.C.) from France 
and Spain around the Pyrenees are the first to exhibit all such signs in full composition 
(Figure 25) (Bednarik, 2003).  
Basic representational signs in different cultures have correlations due to their 
appearance in their surrounding reality, from convex shaped mountain signs to waves of  
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Figure 25. Aborigine signs (from marks to icons), Devon Downs, 
South Australia (D. S. Davidson, 1936) 
 
water, human stick figures, and animals all being the result of simplifications of visual 
comprehensions of objects or memories of experience. When figurative signs are given 
association or meaning with abstract concepts, they are regarded as symbols. In joining two 
signs together they are seen as having new meaning or stand for a new concept, for instance 
in Egyptian Hieroglyphs the “water” sign along with “vase” creates the meaning of  
“freshness” (Figure 26). Thus, there is advancement in sign to symbol use as in Hieroglyphs 
where they initially solely represent the object depicted and later have a new abstract 
meanings, such as in early Mesopotamian cuneiforms where the “arrow” sign means speed 
and “sun” means motion, and in Hieroglyphics a “bird” depicted with a lowered head 
signifies “seeking”; these signs have interpretational cultural elements that require 
deciphering. Figurative signs are also thought to have developed from the graphic 
simplification of carved amulets or trade or culturally significant figurines used for  
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Figure 26. Hieroglyphics: iconic syllables (above) are combined  
                                                       to create the word (below) “hungry.” 
 
representation of what they stand for (i.e., clay pieces from 8,000 B.C. that look like their 
consequent signs).  
Egyptian Hieroglyphs, known as holy engravings, originated in the Nile delta region 
and were created by a culture established on spiritual, abstract, and celestial conceptuality 
combined with acute representational capabilities of everything that surrounded them. Their 
belief system that honored eternal existence of the soul found the best way to preserve their 
thoughts and stories—narratives carved in stone. As symbol making progresses across time, 
a change between representational signs differs from more abstract signs by the former 
having enclosed contour form and the latter being based on open ended lines giving a lesser 
associative possibility and being read in signs signifying syllables not just an inference from 
the object recognized within (Rothenberg, 1967).  
The Easter Island script is made up of undeciphered pictographic symbols, whose 
meanings are unknown, but the three row linear format of closely placed symbols next to 
each other produces a complete whole “story” carved into wood in a form of a script used 
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theoretically for ritualistic purposes due to the rhythmic depiction of human and faunal 
figures in it (Frutiger, 1981). 
 
2.3.4 Signs for Survival 
Signs and symbols were, in prehistoric times as today, serving an integral part of 
human cultural in inter and inner group communication which allowed for the gradual 
evolution of language and its affect on human cultural advancement and ultimately the dawn 
of recorded history. Symbololgy and pictographic writing progressed with enhanced 
cognitive abilities, as well as intellectual and abstract thought processes for understanding 
and sharing information with others. Giving a visual aspect to spoken language provided a 
way to keep track of migratory cycles, mapping terrain, and keeping traditions alive for 
generations, as in the case of cave art and signs which continued for 17,000 years until its 
disappearance around 11,000 B.C. Figurative and abstract signs not only allowed for marks 
of affiliation within and between groups, but also provided cultural identity, unique code 
systems, and the retaining of tribal meanings that were either to be shared (with perhaps 
figurative depiction) or hidden (with abstract symbols that require learning). Moreover, in 
times of danger, figurative pictographs were more quickly understood than abstract signs, 
giving this form of communication a long term advantage over not having to depend on 
some else from which to hear that information (i.e., a skull sign in the entrance to a land 
mine field) (Figure 27). Research on the immediacy of (recognizing) icons used in road 
signs supports the concept that icons are more quickly and universally understood by 
modern man compared to abstract symbols (Jean, 1998). 
 
  
47
 
 
 
 
 
Figure 27. Easily understandable iconography (flickr.com) 
 
2.3.5 From Sign, Map to Script 
Signs provided a communicational means through which to exchange memories, 
experiences, and objects triggered by pictographs and associative markings. These signs, 
which were first discovered in the upper Paleolithic, possibly reflected cultural traditions 
taught through the generations or shared group events conducted at specific times of 
abundance, anticipation towards animal migrations in times of need, or primal worship of 
nature. Such signs, markings, and imagery were carved or drawn individually in narrow 
crevices, on mobile hand held tools, or on cave walls for all to see. Some figurative cave 
depictions of animals were associated with abstract markings; other times the signs were the 
only things exhibited giving rise to the assumption that they have had hidden meaning  
compiled by the fact of abstract sign repetition across cave sites and across time. An early 
physical example of a signifying sign may be seen in the Paleolithic French Cro-Magnon or 
Neanderthal made cave-bear altars or burials (Figure 28). 
In 9,000 B.C. cave art came to a sudden demise in the Pyrenees, perhaps due to 
warmer weather patterns after the ice age providing habitation expansion opportunities for 
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Figure 28. Chauvet Cave, France 
 
humans, enabling animal domestication and herding. As human dwelling patterns changed 
and new social organization evolved with a shift towards gradual communal settling 
and nomadic living, trade may have provided the need for cataloging information through 
record keeping between groups marking their exchange of goods as markings on pieces of 
wood or leather, each marking representing an item or animal. Spirituality may have given 
rise to sign making in petroglyphs (pictorial and conceptual representations depicted on 
rock) in the very remote area of Mont Bégo, Northern Italy, where in 5500–3500 B.C. (pre-
Bronze Age), depictions were made of enigmatic stylized human figures surrounded by 
markings and representations of possible hunting tools, weapons, and grids perhaps 
signifying a holy site of a mountain deity. In the Val Fontalba area, a rock side depiction of 
a map is thought to be represented by rhythmic lines signifying rivers and linear markings in 
between as pathways with grids signifying areas of crop growing (Figure 29). 
The change in human conceptuality can also be seen in the changing of images 
depicted, as the human form is more enlarged and pronounced while animals are shown as 
smaller or more insignificant in pictographs (Figure 29)—the representation of humans  
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Figure 29. Mont Bégo, Northern Italy (5500–3500 B.C). 
 
dominating the natural world (the opposite of the majority of large animal depictions and 
very rare small human figures in Paleolithic art) ) (Jean, 1998) (Figure 29).  
 In the native tribes of North America, pictorial signage was interpreted more 
rudimentary than the Hieroglyphics in that signs for animals or objects read out describe 
locations or people’s names with action or directional markings between them to describe a 
narrative or a map (Figure 30).  In the Egyptian scripts, the represented figures signify 
syllables and relate to specific words and abstract concepts of spoken language. Lacking 
linguistic reference to icons described on a piece of wood or rock, the person observing 
them comprehends the signs for the image or event it is thought to signify, immediately 
relating it to an action that needs to taken in response. This form of iconography is used in 
danger signals, direction giving, or road signs that demand instant recognition and 
communication of information. One may express fear or happiness in observing the signs 
depending on the situation—either arrival to an intended location or threat of imminent 
danger. (Rothenberg, 1967)  
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Figure 30. Eskimo ideogram for “no food in the tent” 
 
Mapping can be described as a landscape representation of locations and landmarks 
organized on a substrate with respective signs and markings in a simplified schematic form 
defining the most important elements of interest to the group making the map4 (Figure 31). 
 
 
 
 
 
 
 
 
  
                                                 
4 Bonobo (Pan baniscus) communities in Wamba, Democratic Republic of Congo, were observed by 
indigenous trackers to “map” their home range by strategically manipulating sticks on their patrolling trail. It 
was spotted that when the Bonobo chimpanzees have taken the left of the trail a branch is broken in that 
direction and if they have gone up the tree a stick on the trail is directed upwards (personal comment made to 
author by Prof. Sue Savage-Rumbaugh who made the observation).   
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Figure 31. Native American Ojibwa map (Jean, 1998) 
 
Such signs are iconographic not dependant on words, but to awaken memories of 
specific areas or give simplified representation of a feature in the area to give attention to. 
The interpretation of maps is not interpreted in rows like a script but comprehended spatially 
on a designated substrate understood as the entire territory in simplified miniature form 
known as cartography.5 The significance of producing a map built up of landmarks 
represented in signs is a demonstration of the advanced cognitive capabilities of humans in 
learning to describe their territory abstractly on flat surface whilst defining actual home-
range, territories and locations appearing in reality. The markings on a map signifying paths 
may be drawn in lines, with water holes marked as circles and hills as arch signs (Figure 32). 
                                                 
5 Koko, a 35 year old female Eastern-Lowland Gorilla (Gorillla Gorilla) was observed to comprehend 
basic simplified depiction of her outdoor enclosure from a sketched ‘map’ by replying and pointing correctly to 
the place where a needle was lost in the area - Koko pointed to the top left hand corner of the square depicting 
the caged area drawn on paper. It should be noted that the sketch had a sign for the door to the inside quarters 
as directional reference (paraphrased from a lecture given by Dr. Francine Patterson at the Jane Goodall 
Institute’s Chimpanzoo Conference, 2007).  Kanzi and Panbanisha seem to have the ability to produce a drawn 
symbolic ‘language’, thus, it is important to review hieroglyphic script development of icons.                                          
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Examples of such maps can be seen created for thousands of years by Aboriginal tribes on 
sand, rock, wood or leather, in which peoples names may be referenced either by totem, 
plant or animal figure or sequence and locations directed by landmarks and pathways drawn. 
(Doring, 2000)  
 
 
 
 
 
Figure 32. Aborigine map, Uluru, Ayers Rock, Northern Territory, Central Australia (flickr.com) 
 
2.3.6 Egyptian Hieroglyphics 
Egyptian Hieroglyphics (translated as ‘holy written signs’) initially started as 
pictograms (icons referring solely to what is drawn) then ideographs, and this developed into 
phonetic script, which is known writing per se. 3,500 B.C. with 600 syllables depicted in a 
combination of icons. Towards 3,000 B.C. the Hieroglyphs were simplified into a form of 
cursive-like writing known as Hieratic that resembled the original icons only vaguely 
(Figure 23) (Watterson, 1985). Egyptian Hieroglyphics are set aside from cave signs in that 
the former is regarded as a form of script due to its progressive, chronological depiction of 
signs and markings in rows, deciphering of these signs, icons and symbols also demands a 
learning process within the culture in order to read the scripts. Such culturally specific 
iconography often does not allow for outside observers to comprehend its references. Such 
was the case with the 3,500 B.C. Hieroglyphics; lacking the discovery of the Rosetta stone, 
scholars would not be able to decipher it (McDermott, 2001).  
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The Hieroglyphic script is based on: (a) object recognition and association from the 
simplification of the realistic figure, (b) action depicted with a specific feature focus or trait 
representing the action, and (c) phonetic word to sign correlation to allow for reading of 
joint signs as a script (Sassoon et al., 1997). Hieroglyphics are symbols, meaning they refer 
to an idea or concept different from the image depicted or are a figurative object that 
signifies an abstraction.  
2.3.7 From Hieroglyphics to writing 
A critical intellectual leap in human culture was made with the development of 
writing. The chronology of script evolution was initiated by pictorial drawing and marking 
known as pictographs. This mode of description was very limited, as only actual items and 
subjects could be drawn (i.e., wave mark referring to water) (Piggot, 1961). This graphic 
visual mode of information exchange was followed by a graphic conceptual one known as 
ideograph iconic drawing, this was a sophisticated use of icons (drawn images) as the sign 
for moon not only means the planet but the duration of night time. Abstract concepts were 
now interwoven in the icons, hunter-gatherer culture still use this mode of communication 
today. An example is of the Native American Eskimo icon (Figure 30) depicting two stick 
figures one with a hand raised to his mouth pointing to the tipi, the other holds out his empty 
hands. This sentence can be read as a message that’s expresses that there is no food in the 
camp. This message is of abstract concepts that are based on gestures depicted in icons; the 
reader needs to be knowledgeable of gesture significance and meaning and the drawing 
depicts the location and people involved (Watterson, 1985). These ideograms were 
straightforward but could be interpreted variably but with a similar concept in mind 
(McDermott, 2001). 
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In Sumerian Babylon of 3,500 B.C. the Cuneiform script (Figure 34) also originated 
from pictographs, as the writing form was done on clay, wedge imprinting was used and 
gradually it was not possible to clearly see the actual icons anymore, but rather as abstract 
signs with some directional similarity, with each of them representing a word. 3,000 B.C. 
brought about further development in cuneiform writing, with syllables, thus enabling them 
to pronounce any word abstract or real and bringing them into documentation of historic 
capability as with the Egyptians (S. Piggot, 1961). Cuneiforms lost all resemblance to their 
respective icons from this period. Wedge shaped ‘Stylus’ writing of Cuneiform tablets was 
not curvilinear but solely linear in design, with horizontal, vertical and diagonal lines 
(Frutiger, 1981). Semitic, Aramaic, and Hebraic alphabets also originated from pictographic  
 
 
 
 
 
 
 
 
 
 
 
 
         
  
55
 
 
 
 
 
 
 
 
 
Figure 33. From Pictograph to Semitic, Greek and Latin          Figure 34. Cuneiform script, from icon  
                        (above right)                                                                  to written letters (above left)                                               
 
iconography in the Canaan script found in the Sinai Peninsula. This evolving alphabet later 
developed into Greek and Latin (Figure 22). 
 
2.4 The Visual Elements Of Signs 
2.4.1 Sign Forms 
Dots are the easiest to create and when they are made in groups there are concepts 
connected to them, especially when made in correlation with other markings in the area. A 
graphic design is made in their organization but their meanings depend on cultural 
interpretation, as they are abstract in form. The human eye and mind connects one dot to the 
other trying to identify form. The shapes they produce depend on their placement as three 
dots can appear as a triangle and four as a square or rectangle or other geometric shape. 
Lines are another form of mark making, usually connecting between two places or more to 
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draw a figure (Kress et al., 1996). The directional or straight line is enabled by fine hand and 
eye coordination and curved lines enable freedom of expression in drawing with geometry, 
at times providing central composition and mark placement in space. Markings such as 
repetitive lines in order or crosses were possibly a primitive form of ordering, numeration or 
signature. The repetition of lines in order also represents a rhythmic conceptuality. Cross 
making expresses intentionality and concentration as they hand is drawing two lines 
separately with both having a starting and ending point placed superimposed over each other 
to create a basic form. The cross sign is completely abstract as it does not have a figurative 
counterpart in reality. The T mark suggests not only balance in form but also an 
understanding of up and down or horizontal and vertical line making. This sign defines 
space, dividing areas in empty space. Moreover, spacing between marks have significance in 
terms of composition, allowing for interpretation of affiliation as when marks are separated 
by substantial spacing between them they lose correlation (Berger, 1989).  
According to Berger (1989), the components of visual signs are made up of: line, 
scale, shape, color, and perspective. With the line determining the form of a drawn object, 
the shape is made up by the lines (the fundamental ones are geometric, with any additional 
forms created as derivatives of these) (Figure 35). 
Scale is the relative ratio between one object to the other in terms of size. Imagery is 
comprehendible when at least two of the main elements in it are placed relative to each other 
as they are in reality. The colors that make up the icon may be interpreted differently 
depending on culture and its symbolic definition of each color (Berger, 1989). 
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Figure 35. Geometric shapes evolving into iconic representations, Aborigine rock art, 
Dover Downs, South Australia (D. S. Davidson, 1936) 
 
 
Linear signs are arranged by form as being ether simplified or complex, enclosed or 
open. Contour lines are the make up of these markings. In figurative or object signs there is 
a process of simplification of the original objects in reality using relatively schematic forms. 
Abstraction arises when figurativeness decreases, yet a figurative sign is one, which is 
recognizable by the viewer. For instance, an inverted V sign can be recognized as a 
mountain in many cultures (Kress et al., 1996).   
2.4.2 Abstract and Object Signs 
The first known cultural signs or markings in the human culture are zigzag geometric 
etchings on red ochre from 77,000 B.C. found in South Africa. This progression was a move 
from visual signs or gestures to an everlasting imprint of intellectual expression on a 
tangible substrate, from cave art drawn in coal or hair coated pigment to bone or antler 
engraving this enabled a new form of communication (Bednarik, 2003). These drawn 
expressions and thoughts can elaborated to explain of unseen dangers, group affiliation or 
narrative descriptions dealing with issues of revering nature and their environment and 
fighting for their survival. It is thought that in prehistoric cave art, figurative depictions were 
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a part of story telling, told in a spoken and gestured language and frozen in time graphically, 
yet their sign definitions remain unknown. As human cultures advanced, the learning of 
drawn signs became exchangeable with words and a collection of signs could be read as if it 
was heard via symbol to meaning correlations. Hence, a form of comprehensive permanent 
documentation of human thought was established, finally becoming script. The first script 
known can be found in the Eastern Mediterranean from 7,000 ago written in figurative signs 
or petroglyphs of simplified representative imagery depicting items and action. After the 
figurative sign stage, symbols were drawn in linear progression—this is when written script 
began. These pictographs are also known as hieroglyphics in which scripts were written with 
figurative symbols for almost 3,000 years. Correlations in form may be made between sign 
structure from different parts of the world, yet it is unknown what the first signs were and if 
there is a universal aspect to sign script making (Piggott, 1962).  
2.4.3 Sign combinations 
Signs are defined and chosen by the culture that creates them and are agreed upon by 
the communicating parties involved (i.e., the universality on the two or three piece line 
structure of arrow markings, or the structure of a grid made up of a rectangle divided by 
straight lines within it). Hence, when a geometric shape is seen regardless of which culture 
produced it, the shape will be comprehended as such—an abstract geometric form and not 
seen as a combination of lines put together but as a sign. This is known as perception of the 
completeness of a sign. Joining of markings is not only aesthetically appealing, but also 
draws interest and a need of intellectual interpretation of their meaning, which may be 
symbolically extensive. With the combining of different signs together in close proximity 
(Figure 36), a basic form of communication through signs is formed (Bednarik, 2003). 
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There is a joining of two signs in very close proximity that produces a pairing effect 
or a dualism that allows for seeing a formation of a sign in its totality6. Such joining may be  
taken further into a production of new enclosed shape or two similar signs superimposed on 
each other or simply connected at a point. Such joined signs are seen as a symbol for 
alliance or of being equal if both markings on the same level, if there is an above and below 
structure (Figure 37) to the sign it may mean unequal power.  
 
 
 
 
 
 
 
 
                                                 
6 There is an indication here of a mind that comprehends abstract thought with complexities 
previously not shown in Non-Human Hominids. Pan Banisha a 22 year-old female Bonobo (Pan Baniscus) 
was exposed to communication via abstract lexigram symbols since infancy, thus raising the possibility that 
symbols in general serve as a resource of abstract and tangible expression for her for transmitting information 
even to herself when no one else sees her writing intelligible yet structurally diverse markings on paper. 
**Two similar overlapping markings in conjunction reduce the chance of their production being made without 
intentionality and even possible association. What does this imply on the history of sign production in archaic 
humans and their ancestors?       
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Figure 36. Gwion Gwion Aborigine  narrative depicting, Northern Territory, Australia (J. Doring, 2000) 
 
This may give it a dynamic or struggle effect. A newly formed sign is made by combination. 
When combining two different signs, a need for figurative association arises in the observer, 
requiring imaginative thinking (two markings creating encapsulated space in their joining 
cause the observer to see a third shape in the empty area) (Berger, 1989).  
 
 
 
 
 
Figure 37. Aborigine rock art, Glen Isla, Victoria, Australia (Davidson, 1936) 
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2.4.4 The Space Within Borders 
Enclosing an area with a contour or border is regarded as framing, putting 
importance on what is within it. Frutiger (1981) notes the frame sign as volume and 
inner-markings as objects. This combination of sign and frame form a mapping of centrally 
important markings or marginal markings on either side of it with divisions of left, right, up, 
down.7 In some cases such frames, with significant markings or figurative signs appearing 
within them, form arabesque styles of decoration (Figure 38). This decoration also reserves 
portions of the space within the frame without markings or signs to enhance the importance 
of the existing signs in it. In this framing division, the central sign is most significant 
symbolically (army shields are an example of this) (Sassoon et al., 1997). 
In four cornered signs, a contour can be seen as the beginning of framing or 
bordering; relative importance is signified according to which objects are “in” or “out” of 
the border. Drawing markings within borders puts forth focus on what is within the frame: a 
 
 
 
 
 
                                                 
7 Sherman, a young male chimpanzee (Pan troglodytes), produced at least one drawing on paper in 
which he frames the four corners, in a possible “decoration” in the form of several diagonal line markings and 
placed three separate markings in the space within the page: one large central mark and two other smaller 
markings on both sides of it. 
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Figure 38. Aborigine unknown sign, Southern Australia (Davidson, 1936) 
 
sign floating in space could be comprehended as simply an abstract form while placement in 
borders indicates a desire to recognize it or remember specific meaning of it. A choice of 
spacing signs or elements within a border has significance in interpretation. Symmetry in 
borders or in mark form allows for organizational expressions and clarity that enhances 
visual comfort to the viewer of the sign (Frutiger, 1978). 
The outer contour of an object can also operate as an enclosure. Contours in enclosed 
lines allow for a figurative form to appear, and the viewer’s memory of a similar figure in 
reality makes associative linking to interpret definition of sign. Open lines represent 
direction or motion, as in a sign for bird in V form, expressing an abstraction or the objects 
functionality to remind of meaning (Jean, 1998). Hieroglyphics are figurative signs  
seen as enclosed in contour that represent object, action ,or concept (McDermott, 2001) 
(Figure 39). 
 
 
 
 
 
  
63
2.5 Symbolism and Symbols 
Symbols are representations of possible messages within graphic depictions that 
awaken the urge in the observer to seek their meaning in a correlation between the intended 
words or definition and the presented signs. The presence of symbolism is enhanced with 
 
 
 
 
 
 
Figure 39: Egyptian Hieroglyphics 
 
clarity of the message or meaning received from it visually and conceptually. Figurative or 
abstract signs become symbolic when there is an instant or leaned interpretation of meaning 
connected to them (Frutiger, 1978). There exists a vast diversity of symbols in cultures from 
across the ages that vary in graphic appearance and clarity of meaning or definition, ranging 
from object or representational figurative signs to the conceptual abstract. The more 
simplified the sign, the easier it is to remember, and the progression in human abstract 
thinking allows symbol development and use (Sassoon et al., 1997).  
Figurative representations turn to symbols by means of stylizing of the signs. This 
requires decision of surface type. In Paleolithic times, these were created on cave walls, 
rocks, bones, antlers, and wood pieces; yet even the same signs and markings have varying 
meanings depending on what they were inscribed on and in what fashion (Piggott, 1962). 
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The markings of cavemen and women such as striations (Figure 40) on walls could mean a 
form of perhaps counting, yet these remain unknown and could be tool use related. 
Markings on tools such as spears or bones, however, may be a form of signature of 
ownership or imprinting their personal or group marking (Klein et al., 2002). 
  
 
 
 
Figure 40.  Unknown marked striations, by Aborigine rock painters (D. S. Davidson, 1936) 
 
As the tools they crafted and used were so critical to their daily lives and survival 
strategies, it is possible that some special tools may take up a symbolic value such as the 
mystery of the unused Acheulean hand axes found at Homo erectus sites from 1.6 million 
years ago in Gona, Ethiopia, East Africa. These were of the Acheulean industry that  
lasted 1.4 million years, spanning the old world, and proving to be the first sophisticated  
tool with the human creating it having a predetermined idea of what the final product will 
look like—a symmetrical tear shaped hand axe. Some think the most aesthetic ones that 
were not broken or used were given as gifts (Wolpoff, 1999). Archaic humans (homo 
neanderthalensis) started to create decorations in the form of fox tooth necklaces and bone 
figurines around 35,000 years ago; yet some suggest that much further back—250,000 years 
ago—in Berekat Ram, Israel symbolic figurines were carved by Neanderthals from bone in 
the form of a simplified face. They were also found to bury their dead, and at one site in 
Shanidar IV, Iraq, they placed flowers in with them as a seemingly symbolic ritual 
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(Bednarik, 2003). Anatomically modern humans (Homo sapiens sapiens) were also 
associated with many more symbolic associations going back 77,000 years (Figure 2) with 
geometric rock carvings from South Africa, a cave bear altar in France, and over 300 cave 
art sites with unintelligible signs and markings throughout them. 
There is a likely association of mark making with tools or living areas of importance 
to prehistoric men and women that awakened the need to sign that which belongs to them or 
show that they were there before. Signatures or markings of this nature are symbolic but 
with meanings left open to interpretation. Some of the cave signs and carvings look like 
geometric decorations such as the series of linear red dots (Figure 41) in two rows or more. 
Perhaps it was a gradual advancement from marking a tool to marking entire mazes of 
caverns (Bednarik, 2006). 
 
 
 
 
 
Figure 41. Unknown dot marks, Chauvet, France 
 
According to Savage-Rumbaugh, the perceptual systems of different groups of 
peoples in other times need not be like modern humans. Similarity of perception or 
universally recognized graphic imagery arises from rearing experiences which includes 
cultural exposure to mark making and graphic perception and competency making a culture 
tuned to certain kinds of marks or symbols (Savage-Rumbaugh, personal communication, 8 
July, 2008). 
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It is thought that initially signs were created according to the substrate they were 
made on, meaning that from the structure came the sign. In the cave it has been found that 
some animal carvings and drawings were created on cracks in the walls (Figure 42) or 
natural mineral formations that completed segments of a body such as the contour of half a 
bison and the other half drawn by man. This suggests an aesthetic or associative thinking 
that might have reminded the cave dweller of an animal, and he or she simply got inspired 
and completed the rest in finding a way for it to fit. This shows the connection between the 
mark maker’s eyes, mind, the surface the marks were made on, and the kind of etching or 
marking tool used (David, 2002).  
 
 
 
 
 
 
Figure 42. Rock crack contours at Chauvet Cave, France 
 
2.5.1 Animals and Plants; Signs and Symbols   
One of the more common symbols used by many cultures is of birds. These signify 
the celestial, the spirit, the land, immortality, and the mysterious aspects of life with the first 
depictions seen drawn and carved in prehistoric caves. This may show of an early human 
interest in the mysteries of flying, specifically in regards to the sign of a red bird drawn in 
large size on a cave wall in Le Portel, France (Figure 43), in which there is not a true-to-life 
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depiction of a bird in flight but rather an ideal of “flying” through a very simplified 
abstraction of a bird without details aside from a rather symmetrical contour giving the 
viewer an association of it through the two wings, head, and tail shape (Pfeiffer, 1978). 
Other drawings of animals in the prehistoric caves express a genuine understanding of the 
anatomy and characteristics of animals seen in their environment. These depictions of 
simplified abstractions with minimal features, however, give an example of a true sign 
created to the level of symbolism in a higher level of consciousness (Bednarik, 2003).  
 
 
  
 
 
 
Figure 43. Red symmetric simplified bird icon at Le Portel, France 
 
Another easily recognizable sign is that of the snake (Figure 44), depicted throughout 
the human cultures signifying danger, health, the underworld, the fine line between living 
and dying, masculinity, and eternal life. This sign consists simply of a waved line with a 
marked ending. The idea for symmetrical ornamentation, decoration, or repetition of 
marking in progression did not need invention only observation of motifs found in nature, as 
the snake’s scales provide inspiration enough for abstract marks. Nature and evolution 
created patterns and markings while cultural humans created signs and symbols (Sassoon et 
al., 1997). 
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Figure 44. “Snake,” Aborigine symbol, South Australia(D. S. Davidson, 1936) 
 
2.5.2 Human Signs 
Symbolism in itself is regarded as an item or subject to which an association is given 
and comprehended visually through cultural learning or logically inferred from the sign or 
item presented. In terms of prehistoric human figurative associative depiction in caves, the 
majority of it was produced through hand printing on walls. An interesting aspect appears in 
prints in the Pyrenees where different fingers are purposefully shown missing (Figure 45). 
This is thought to show of clan affiliation or for other unknown meaning. Many hand prints 
are seen throughout the cave systems and in varying sizes, either telling of family group 
rituals (in which cave art was presented) or serving a visual record of the cave’s inhabitants 
in a form of naming or sign of presence, signature, or ownership (Bednarik, 2003). The hand 
sign in human cultures serves as a signal of getting attention, cautioning, or directing. The 
evolution of its abstraction forms a peace dove or a symmetrical flower in shape—as in 
Semitic Hamsa hand sign for the protection against the evil eye. Other sign simplifications 
in the human form include abstraction of the human face and stick figure or drawing the 
contour of the body (Hodgson, 2000). 
Lastly, symbols are most powerful because they represent concepts, not things. For 
example, family or relatedness and masculinity are concepts. 
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Figure 45. “Hand prints with missing fingers”, Aborigine symbols, New South Wales, 
Australia (left); (Davidson, 1936); Cosquer Cave, France (right) 
 
Most symbols are conceptual embodiments of non-pointable mental categories. Such 
symbols are non-associative (non-indexical), and cannot be interpreted without learning it 
culturally.    
2.6 Iconography 
Beginning in the Paleolithic, marks and signs have represented a mirror to the inner 
thinking of any culture. When these were used to share narratives through a simplified 
graphic medium, a conversational barrier was penetrated, making everyone able to 
understand the message immediately, allowing for a wider dissemination of information 
across space and time. This may serve in the form of tradition keeping for generations to 
directions or cautioning (Bednarik, 2003). The interaction of conceptual exchange, known as 
the process of communicating ideas, enables the foundation of a cohesive group through 
culture, speech, gestures, or language. With the use of icons (referential signs), information 
is easily transmitted to another, usually with no explanations needed. This informational 
exchange can be imperative to survival strategies of a group of people, through 
documentation aspects such as territory range mapping, resource usage, hunting, and 
seasonality (David, 2002). Documentation was thought to be present in the notches or 
unintelligible markings carved on spears or stones in precession perhaps expressing days or 
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number of animals hunted in a primitive form of counting. The commonly used signs tend to 
be schematized or abstract in form from dots and geometric shapes to consecutive lines. 
Universally depicted signs can be found across cultures, from spirals to arrows, symbolizing 
femininity and masculinity, respectively (Figure 46) (Sassoon et al., 1997).  
 
 
 
 
 
 
 
 
Figure 46. Aboriginal marks referencing gender (right); Chauvet 
Cave (left) (drawing: D. S. Davidson, 1936) 
 
 
Making inferences on the definition of a particular mark is usually culturally based, 
with abstract concepts associated with it; hence, only speculation can be made on Paleolithic 
signs, meaning that their icons may not hold conceptually in the modern world as their 
reality was exceptionally different with informational preservation of their marking systems 
very rare to find (Klein et al., 2002). It is impossible, therefore, to discern a progression in 
mark or icon making beyond the seemingly ritualistic or collective narrative sharing of the 
Pyrenees cave galleries. Iconography is thought to serve the culture, which exchanged ideas 
through it excluding those who did not share the groups’ collective experiences. The 
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similarity of icons in prehistory may simply suggest that human abstraction is universal in 
shape and design (Figure 47) (Sassoon et al., 1997).  
Icons such as markings or signs are known as serving mnemonic purposes—of 
assisting in remembering events, ideas, or objects, and requiring an initial learning process 
from other group members to understand hidden meaning or reference (this is culturally  
determined, as graphic competency is a learned process). Examples can be found of Native 
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Figure 47. Rock art: “2 Kangaroos hunted with Emu”, New South Wales;Aboriginal iconic form-based 
attribute of “crane” representation, Northern Territory, Australia (photo: J. Doring, 2000; drawing: D. 
S. Davidson, 1936) 
 
American tribes documenting members lost in battles by making a procession of 
lines in order on a piece of leather or making a simplified figurative drawn image (an index) 
describing the specific occurrence (horse figure with a spear signifying the loss of horses to 
hunting). In iconic depictions a short narrative can be expressed in one simple drawing of an 
animal, in a process of cause and effect: man in water/eaten by crocodile (Figure 48). 
Mapping is another use of indexical iconography, such as in depictions of landmarks for 
describing a territory (Figure 49). This may appear in the form of several signs grouped 
together on a rock giving directions to body of water or hunting ground with specific 
environmental formations referencing it (i.e., uniquely shaped hills or escarpment) 
simplified in marks. Examples of such maps may be referenced by Australian aboriginal  
Cave art describing their territory in abstract simplified form with iconic associations 
(Sassoon et al., 1997).  
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Figure 49. “Danger crocodiles” (flickr.com)                Figure 48. Aboriginal rock art mapping in Western 
                                            Australia (left) (Davidson, 1936) 
 
Furthermore, iconic referencing may be seen in marks on items or tools for hunting 
in a form of signing ones creation or possession either personal or group affiliation. Body 
coloring and cut marking (Figure 50) may also serve the purpose of social alliance, personal 
power and group hierarchy, or identity in a party with their symbolic definitions known to 
all members of the community (Sassoon et al., 1997).  
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Figure 50. Ritualistic body marking, “Crocodile tribal power,” Gwion Gwion, Northern 
Territory, Australia 
 
In order to comprehend iconographic significance and meaning, a learning process 
must take place in a culture or a group. When icons are regularly seen in daily activities, 
each will be understood immediately by the observers (D. Hodgson, 2000) as an integral 
part of their association with their culture—traditions are not only ritualistic in rain-dances 
and trances or tool creation but also symbolic and referential in icons, decorations, and their 
meanings. Such iconic signification may be traced back to the basic fox tooth jewelry worn 
by Neanderthals as decoration (Bednarik, 2003). Some suspect seashells and precious stones 
such as quartz were exchanged by different Cro-Magnon or Neanderthal cultures going back 
40,000 years (Wolpoff, 1999). Sophisticated marks of trade such as those made in ancient 
Samaria from 8,000 B.C. in the form of clay pellets with small markings on them to possibly 
record trading goods as wool or oil, however, are probably a development of human crop 
cultivation in Mesopotamia and domestication of wild goats allowing for a surplus to be 
traded with other communities necessitating a new form of documentation though markings 
(Frutiger, 1981). This level of property keeping and exchanging of goods is not thought to 
  
75
be found in hunter-gatherer groups whose life is based on survival (Sassoon et al., 1997). 
Aboriginal pictographic narratives serve as the earliest example of iconic symbolism 
describing in abstract form their rituals, creation traditions, and cultural conceptualism that 
require teaching in order to know their hidden meanings (Sassoon et al., 1997). 
 
2.6.1 Iconic Usage with Communicationally Disabled Persons 
Iconography may be effectively used to transmit information when one cannot use 
language normally yet can mentally comprehend basic concepts (Sebeok, 1978). Those who 
do not have the ability to talk still have personal rational choice, logic, and comprehension 
abilities (solely by virtue of being members of the Hominid lineage). Iconographic signs 
depicted should be simplified and not require substantial creativity, but enough to allow 
their usage in communicating ideas to other members of the group, giving both sides mutual 
respect (Bonvillian et al., 1997). Signs provide a relatively easy format to overcome 
language barriers among cultures, expressing even abstract concepts in pictorial form; this is 
because while living amongst a culture, one is exposed (even unknowingly) to its meanings 
and symbolism. It is thought that using referential icons motivates people previously thought 
non-responsive to interact and communicate intellectually through signs. The goal is to use 
signs that are universally and immediately easily understood, from icon to idea, not needing 
a complicated language but still enabling the person to express his/her wishes and retains 
power. It is important that icons and sign systems used are similar in form, and that their 
design and color are not confusing (Sassoon et al., 1997), that it remains coherent, and that 
the signage lexicon complies with the interests of the communicationally disabled person. 
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As the availability of extensive icons and signs increases, so does the expressive capabilities 
of the person communicating through them (Sebeok, 1978).  
It should be noted that icon recognizability decreases when memory of a specific 
sign is not easily made; thus attention should be given to retaining at least one identifiable 
characteristic in each icon (Sassoon et al., 1997). Ideally, the best signs will be the ones 
created by the disabled person or at least reflecting or complimenting their own markings, 
conceptuality, or means of comprehension (as hoped to achieve from studying marks made 
by chimpaznees).    
Several symbolic and iconic systems have been developed for use with persons with 
communication disorders or conditions that prevent them from using language (Ecklund et 
al., 1987) One of the earliest Augmentative Alternative Communication (AAC) methods 
was called Blissymbolics, an ideographic auxiliary language (Blissymbolics.us). Charles 
Bliss emphasized extreme simplicity in the symbols he created (Figure 51) (Goossens, 
1984). These characters include a combination of both iconic and symbolic elements. Other 
more recent systems, such as Makaton and Widgit, use a more pictographic (iconic) 
approach. Makaton combines simplified iconic drawings with sign language (Figure 52). 
Widgit (Figure 53) and Pictorial Communication Systems (PCS) have a schematic structure 
that uses both iconic and indexical elements (Clark, 1981). The Bonobo chimpanzees’ 
competency in communicating bilaterally, rationally, and contextually in the Lexigram 
symbolic lexicon language suggests both modes of learning signs and symbols are effective 
means of informational exchange on an intellectual capacity. 
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Figure 51. Makaton 
Figure 52. Makaton 
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Figure 53. Widgit Icons 
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2.7 RESEARCH IN NON-HUMAN HOMINID  
COMMUNICATION AND ART 
2.7.1 A Chronology of Nonhuman Hominid Research in Art 
Chimpanzee mark making abilities (often broadly referred to as “art”) have been 
studied extensively. In 1930, Robert Yerkes established the first research station for 
primates in Florida in an effort to scientifically study Great Apes for biology and 
psychology (Morris, 1962), with a chimpanzee by the name of Gua loaned to psychologist 
W. N. Kellogg to compare Gua’s (seven months) with his son’s (nine months) development 
across nine months, through the Gessell test to evaluate normal development in 
preschoolers. Scribbles and drawing ability was examined. Gua differed from the human 
child (Donald) in that she needed to be shown how to draw with a pencil, and Donald did 
not. However, both scribbled similarly, except when there was a demonstration of how to 
draw a line, whereby only the boy succeeded. Both knew how to scribble without 
demonstration afterwards. Savage-Rumbaugh (personal communication, July 8, 2008) has 
reported that chimpanzees in her care were not shown how to draw but developed the ability 
on their own. 
In 1913, Nadie Kohts conducted a study in Moscow, Russia, with a chimpanzee 
male, Joni, in which she compared her child’s (Roody) drawing progression with the 
chimpanzee’s (Morris, 1962). Her child’s drawings looked identical to Joni’s; at age 2 ½ or 
3 years, however, Roody began drawing representational markings of items. Joni made 
scribbles at the onset of the test, yet became more organized a couple of years later by 
making cross-like marks, but the advancement in the child was beyond this (Goodall, 1986). 
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Both could be described as following two stages: (a) unorganized scribbles, and (b) more 
deliberate and intentional “patterns and designs” (Lenain 1997). 
In his research, Morris (1962) demonstrated that chimpanzees and human children 
both had shared five of six biological principles for art. “The biological principles of picture-
making include: self rewarding activation, compositional control, calligraphic 
differentiation, thematic variation, optimum heterogeneity” with the sixth and final principle 
only thought to be found in humans being “universal imagery” (Morris, 1962, pp.158). In 
comparing chimpanzee art to children’s art, Morris described there was correlation in terms 
of the five main principles. These comparative components of beginner’s art are known as 
being in the pre-schematic stage where clear development in sophistication from 
unintelligible scribbles to individual specific signatures and graphic tendencies that are sign 
of personal preference of shapes, patterns, and graphic themes (Scharfstein, 2006). 
Morris (1962) gained insight into chimpanzee artistic abilities when he adopted  
1½-year-old Conga from the London Zoo. For a period of five years beginning in 1956, a 
bond formed between them, and their relationship focused around drawing. Morris learned 
that progressive artistry in chimpanzees can take place when there is cooperation between 
human and chimpanzee, and this requires a long-term relationship (Lenain, 1997). 
Congo lacked language to name what he was drawing. Even without naming 
markings by chimpanzees as a child Congo’s age would do, Morris (1962) found that both 
children and chimpanzees follow the five principles. Morris began analyzing Congo’s 
drawings and comparing them to child’s art, and he saw a development and gradual change 
in Congo’s designs (calligraphic differentiation) (Davis, 1986) in the two years of observing 
Congo paint and draw. In order to gather more data on chimpanzee artistic capabilities, 
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Morris undertook the “six chimpanzee test,” concluding that each had unique style and 
design. These tests were controlled and standardized for empirical purposes (Hodgson, 
2000). Congo produced 384 paintings and drawings up to his fourth year. Most drawings 
were made in a few minutes, and art sessions were up to an hour long. Chimpanzees of this 
age have low concentration, yet he developed a pencil holding preference similar to humans 
with only arms moving during focused drawing and eyes set on paper. The other young 
chimpanzees at London Zoo were presented with standard sheets of paper, and Morris 
placed the pencil in their hands (human style); some, however, changed to a “power grip” 
where all fingers are around it. At the opening of Congo’s gallery exhibit in London 
(Contemporary Art), the evolutionary biologist Sir Julian Huxley said about Congo’s art: 
“chimpanzees . . . have artistic potentialities . . . brought by . . . suitable opportunities. 
Comprehensible . . . [that] our ape-like ancestors . . . had primitive potentialities [advanced] 
by man’s symbol making” (Morris, 1962, p. 27).  
In 1953, a chimpanzee female named Christine was observed scribbling marks and 
circular lines that human children’s psychologists were not able to differentiate from a 
human child’s (Scharfstein, 2006). A study of chimpanzee art was conducted by child 
psychologists on Dr. Tom and Betsy, male and female 2-year-old chimpanzees at the 
Baltimore Zoo. The results were interesting, as the psychologists correctly identified the 
gender of the chimpanzees based  
on their drawings. The diagnosis was that Dr. Tom was described as a 7½-year-old 
violent boy suffering from paranoia, while Betsy was defined as a disturbed 10-year-old girl 
suffering from schizophrenia or paranoia. This analysis shows the profound similarity of 
chimpanzee and human child. According to Morris (1962), since both chimpanzees lived in 
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zoos separated from their biological parents and confined either to captivity or the 
entertainment industry to show off their artistic capabilities, the diagnosis of paranoia is 
justified. 
Paul Schiller (1951) led another study on chimpanzee drawings. He worked with 
Alpha, an 8-year-old female chimpanzee who made 200 drawings. Alpha was shown to 
balance her drawings when she was presented with papers that had solid figures or shapes on 
one side, and she drew on the other. Furthermore, when using a paper that had a square 
shaped of nine blocked shapes with a shape missing, or a circle made up of seven blocked 
shapes with a shape missing, she consistently marked the area with the missing shape in 
eight out of nine trials (Morris, 1962). Thus Alpha showed the ability to close (or complete) 
a logical chronology of figures. This describes the chimpanzee’s sense of symmetrical unity 
(visual balance) and order (Morris’ second principle). Not only was Alpha marking around 
geometrical shapes, she also drew on the paper alone and marked or framed the edges before 
beginning to draw (Lenain, 1997) This suggests Morris’ principles of compositional control, 
calligraphic differentiation, thematic variation, and optimum heterogeneity.  
 
2.8 Stages of Artistic Development 
2.8.1 Children’s Art Development by Stages 
Human children have the tendency to focus on mark making rather than organization 
of composition and balance. Such mark making is the foundation of producing 
representational iconic imagery (Golomb, 1992). This is when it is assumed chimpanzees 
and humans differ. Compositionally speaking, chimpanzees tend to have perceptual 
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concentration and stability in the organization of a picture; children are less dynamic and 
less orderly in this sense (Morris, 1962). 
Children are interested with the marks on the calligraphic component in their art. 
Congo began the process of calligraphic advancement; he stopped, however, at the stage of 
“circles with a few marks in them” (Lenain, 1997), a level just before drawing the face of a 
human figure (Figure 55). Scribbles that are “pre-schematic” evolve into representational 
imagery known as “pictorial stage.” Children’s art analyst Rhoda Kellogg described the 
stages of pictorial development in 2- to 8-year-olds (Morris, 1962): “pictorial 
differentiation” includes scribbles, diagrams, combines, aggregate, and pictorial. “Scribbles” 
are separated into 20 kinds; among them are dots, circles, lines, spirals, zigzags, curves, 
loops, waves, and so on (Figure 54). “Diagrams” are defined as basic geometric shapes 
(cross, square, circle, triangle, odd shape, cross-diagonal). If the diagram shapes are 
connected into one, this is the level before pictorial, the “aggregate” level (Golomb, 1992). 
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Figure 54. Stages of representational art development (Morris, 1962) 
 
In terms of age, a human child needs to develop enough muscle power to suitably 
hold a pencil. After the age of 2, the infant will start making circular motions of an 
expanded line that becomes a mass as the pencil does not leave the paper. The next phase is 
a progressive move towards simplicity, security in the lines drawn, and intentionality; finally 
the scribbles become discernable (i.e., loop, circle, etc.). With the curved marks comes the 
“diagram stage.” This is based on scribbles with no representation usually apparent. From 
ages 3 to 4, combines and aggregates appear in the drawings, and the complexity of 
scribbles is reduced. Final stage is the representational image of a human stick figure. The 
pictorial stage consists of: (a) age 1 and over—lines, and (b) age 3—perfect circles with 
internal marks or strong lines across circle. From this stage the circle begins to be divided by 
lines across it in a symmetrical fashion. In the next stage, the center of the circle is left 
blank, and a sun-like radiation appears. Circles are drawn within the big circles, and a face 
appears. From the radiation around the circle four lines extend, and a human figure is 
shown. Congo reached stage “f” where a circle is drawn correctly and markings are drawn 
  
85
across it, a clear comparison with a human child’s prepictorial stage where a face can be 
seen comparatively (Morris, 1962) (Figure 55). 
 
 
 
 
 
 
Figure 55. Chimpanzee Congo creates a drawing that is one stage before figurative 
(right). Human infant’s drawing at the same stage (left). 
 
 
 
It takes 10 years for a child to fully develop the skill to draw a human figure. Congo 
appeared to draw in the combine stage where a circle is divided by bold marks in it, and  
almost made an X in a circle, according to Morris (1962). This is regarded as a very high 
level of differentiation calligraphically demanding high concentration. Hence, chimpanzees 
have been described by Morris to be almost identical to human children, and he asserts that 
chimpanzees do not seem to have different problems in pencil manipulation when compared 
to children. 
In the field of study of children’s art, there are developmental stages ranging from 
unintelligible scribbles to figurative forms (Lowenfeld, 1970): 
1. First stage: manipulation—this is thought to be expressional mark making with 
no apparent correlation between the named title and the marking. Scribbles may 
be interpreted as somewhat representational of one or more aspect of the 
described object, such as drawing circles and interpreting them as the 
“wheelness” of the “car” of which the drawing was named. It is thought that the 
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child is exposed to toy cars moving on wheels and thus depicts them and calls 
them “car,” but this is not always the case (Kress et al., 1996) In the 
manipulation stage, repetition of form is common (Kress et al., 1996). Savage-
Rumbaugh contends that “children’s scribbles” are comparable to babbling in 
human language (Savage-Rumbaugh, personal communication, July 8, 2008). 
2. Second stage: pre-schematic—this is when lines become better-organized 
markings with more variance in form, and when naming correlation becomes 
possible. This is thought to be at ages 4–7. 
3. Third stage: schematic—this is when markings look in structure and shape like 
their respective titles, with stick figures being the first ones depicted. In humans 
this occurs at age 7–9 (Figure 56) (Golomb, 1992). 
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Figure 56. Development of the representationalHuman stick figure;  
         Congo chimpanzee reached stage “f” (Morris, 1962). 
 
 
Roger Fouts has worked with American Sign Language (ASL) competent 
chimpanzees as a part of The Chimpanzee and Human Communication Institute (CHCI). 
Moja (born in 1973) and Washoe (born in 1967), both females raised to communicate in 
human language, were part of a short term research study to see whether their drawings of 
objects around them had any meaning to them and if they were representational to them. 
This study was based on Morris’ biology of the art research on whether chimpanzees’ and 
beginners’ development in human art were comparable (Fouts et al., 1997). 
ASL taught and raised, Moja produced referential markings that were different 
depending on the name she gave them. Each mark was correlated to an object on various 
occasions (Moja signed and pointed to what each mark referred). The markings made for 
“berry” were made with circular formations. “Flowers” appeared in the form of radiated 
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markings.8 Fouts theorized that by the age of 4, Moja was thought to be on the verge of 
representational imagery (Scharfstein, 2006). Fouts’ test of schema refers to how 
chimpanzees and children decide on a form of scribble and give it a title or name that they 
associate it with. Items from their surroundings will be depicted in these given “forms,” and 
then to explain there is a description (Golomb, 1992). At age 11, Moja was given a standard 
test to see whether she has a marking for “dog” or “ball.” She was requested to depict in 
markings (drawings) the objects about which she knew. On various occasions, Moja 
depicted specific objects with their respective markings, giving them the same name. Thus, 
the item requested by the researcher was named and drawn by Moja (Figure 57) (Fouts et 
al., 1997).  
 
 
 
 
 
 
 
 
 
                                                 
8 Perhaps if Congo knew sign language and could comprehend symbolic gestures included in it, a major step 
towards representational art, rather than just expressional, would have been achieved. Moja, knowing and 
communicating in sign language, achieved the closest to this. 
  
89
 
 
 
 
 
Figure 57. Moja the chimpanzee’s drawing of “bird” (left) and “cherry” (right) 
(Lenain, 1997). 
 
 
 
 
 
Figure 58. “Apple” by Washoe (left), and by Moja (right) (Goodall, 1986). 
 
These intentional marks correlate to their original objects (name), even though in 
appearance they depicted not the characteristic features but rather the defining patterns. 
Items in this study were chosen based on Moja’s knowledge about them and that she knew 
the ASL sign for them. Six items were shown to her, and she was requested to draw them on 
black paper with pastels. Moja witnessed an instructor draw each item before she would 
begin hers (Boech et al., 1984). On three of the objects Moja drew, there were apparent 
correlations between her drawings and the names given to them (Goodall, 1986). Moja drew 
these items twice, before the instructor’s demonstration and after. On both occasions her 
drawings of three items looked alike in structure (termed as schema). Schema is described as 
repetition of forms that are made intentionally by a child (Golomb, 1992). Moja’s schema 
(six drawings were made for each) included (Boech et al., 1984): 
1. Brush: made in the form of repetition of lines in a grid like fashion. 
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2. Cup: lines drawn repeatedly in a “V” shape (cup shape). 
3. Ball: zigzags were used (perhaps an indexical reference to a motion of bouncing). 
4. Banana and apple (Figure 58) were drawn alike.  
Moja named her drawings on five occasions. She seemed to have a preconceived 
image or marking for three items (ball, cup, brush), and her naming of them gives further 
credence to her comprehension of her markings. As previously shown in the example of a 
child drawing “car” by marking circles on paper, Moja seems to also show a universal 
feature associated with an item (i.e., V shape for “cup,” or zigzag lines interpreted perhaps 
as bounces for “ball”). A cup was interestingly drawn not by its outline but by its containing 
aspect with the mass describing the fluid in it or the shape of the containing area (Boech et 
al., 1984).  
Structured forms (or “schemas”) are defined as markings that describe an action, 
feeling, or form of a given item (Golomb, 1992). Children draw items in the pre-schematic 
stage through motion (i.e., bike is represented by a spiral). At the age of 17, Washoe was 
asked to participate in such a drawing experiment; her drawing of a “flower” was of 
radiational markings, apparently similar to Moja’s depiction of a flower. Washoe made this 
form for flower three times. Her bird was drawn in “zigzag” line (Boech et al., 1984). 
Savage-Rumbaugh contends that the chimpanzees’ fine-motor skills are excellent, 
and in computer tasks they have exceeded her skills (Savage-Rumbaugh, personal 
communication, 8 July, 2008) 
In sign language the signs for some animals are iconic and refer to a feature of the 
animal; thus a bird is a beak, and a cat is whiskers, described in sign gestures (Bonvillian et 
al., 1997). When the researcher presented “dog” and “cat” illustrations to Washoe, she 
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misunderstood them, yet when he copied them from Washoe’s markings, she named them 
correctly (1½ years after she had initially drawn the dog). This shows that Washoe is 
consistent in what her drawings (Boech et al., 1984) mean to her even when it is not clear to 
humans (Fouts et al., 1997). This data is a descriptive account (rather than cumulative). 
Both Washoe and Moja represented their drawn icons in a fashion that is understood 
by them; the shapes may not depict figuratively but rather in a form of a pattern to which 
they correlate its features (Boech et al., 1984). 
 
2.9 Gestures as Signifiers of Meaning 
Gestures serve as signifiers of meaning, and in hominids, hand gestures have a very 
rich meaning with positive and negative connotations. Thus, intentional gestures may be 
seen as “iconic representations” (Bonvillian et al., 1997). For instance, in Israeli society the 
meaningful gesture of a hand raised up in a 95° degree angle from the body with subtle open 
palm hand movement can determine meaning of “approach” or “leave” by pushing the 
fingers together inwards or outwards respectfully. These are meaningful culture specific 
gestures; chimpanzees in Gombe, however, have been shown to have a very extensive hand 
gesture “language” for communication of important meaningful information abstractly. 
Gombe Stream National Park, Tanzania, is Dr. Jane Goodall’s research site of 47 years, the 
most extensive continuous study of any non-human hominid species in the wild (Wrangham, 
et al., 1994). 
The gestures seen in East African Chimpanzees (Pan troglodytes schweinfurthii) are 
intentional communication of information exchange (Hopkins et al., 1998). These include 
hand stretched out above the bowed down head in request for calm as sign of submission by 
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a lower ranking individual from a momentarily violent displaying high ranking individual. 
Other examples include food requesting by presenting one’s hand in front of the mouth of 
another member of the group in a show of trust. Other meaningful gestures include hugging 
of two chimpanzees that have experienced a moment of joy or fear; raising one’s arm over 
his or her head with a serious facial expression is a clearly understood sign of threat with 
intention to hit but, more often than not, the sign is comprehended, and the interpreter of the 
sign leaves quickly (McGrew, 1992). Rank relations can be seen in the iconic meaning of 
“wrist-bending” in chimpanzees suggesting submission towards the incoming threat, and 
perhaps a sign of head or body protection or self defense with the hand preferable for injury 
in any violent attack possible from the higher status individual (Goodall, 1986), a gestural 
sign known all too well in human culture during violent clashes while the weakest 
surrenders. Gesture of raising a stick or stone over a chimpanzee’s head or simply rolling 
down a tin oil can in a noisy display serves as clear messages to rivals—this can even lead to 
rise in rank in a specific case (Goodall, 1971).  
Furthermore, in Gombe chimpanzee culture there is situation specific referential 
intentional and meaningful signaling understood by the group members and incorporated to 
exchange important information through signs (Goodall, 1986). These signs are:  
1. Displays of Drumming—this male behavior signifies that a group of “patrolling” 
chimpanzees is entering into another community’s territory, and by drumming on 
specific acoustic tree trunks gives a message to the sedentary community that 
“threatening” chimpanzees are in the area with a clear informational warning 
with echoing drumming that may be heard from afar that they are coming. The 
drumming of trunks by several males makes a “surround sound” effect that may 
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be interpreted as the arrival of many more chimpanzees than there actually are. 
This is used to ward off rival communities and seems very deliberate and 
significant I information exchange (Goodall, 1986). If these groups of 
chimpanzees were humans, one might suggest they were beating the “drums of 
war.” The party to complete the message uses rock tossing, branch breaking, and 
ground stomping (Wrangham et al., 1994). 
2. Branch swaying—this is thought by some to also be a cultural trait in 
chimpanzee behavior as it is seen in male “Rain Dances” in Gombe. The 
chimpanzee may get into an ecstatic display in a forest clearing and run 
frantically around in an apparent sign of extreme excitement for the well awaited 
rains after the dry season. Running and lunging on a branch makes noise and 
adds to the audible affects of the “dance.” This behavior is a cultural trait found 
in many human cultures and cited extensively in anthropological ethnographies. 
Another use for “branch swaying” is in its quiet form to silently call a female for 
sexual relations for and more often without the intention or for purpose of 
reproduction (i.e., sex for means of comfort or pleasure in humans). This is done 
by lower ranking males as to not attract the attention of the higher ranking or 
dominant males around (McGrew, 1992). This is a part of expressions of 
courtship between chimpanzees, and similar informational messages are found in 
humans (Goodall, 1986). 
3. Loud scratching—subtle signals are also meaningful signs for chimpanzees. For 
instance, when there is need to quietly exit an area where threat is lurking, 
scratching the side of the body just enough to signal a wandering juvenile to 
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return, or scratching under the arm signifies immediate call for grouping or a 
silent retreat. When it is made louder, it is interpreted when hand is raised and 
extended as a sign of need for grooming. These meanings depend on the 
circumstance for correct interpretation, as these may suggest nervousness (as in 
humans) to other chimpanzees watching and interpreting the scratches by their 
intensity (Goodall, 1986). 
4. Hand clasping—a form of what some designate as a culturally specific hand 
shake unique from one community of chimpanzees to the other. It is a pattern not 
seen in Gombe, but is a behavioral phenomenon also observed in human cultures 
the world over (Goodall, 1986a). 
 
 
 
 
 
 
 
 
 
 
Figure 59. Mahale, Uganda Chimpanzees have a “hand clasping” unique 
cultural trait (not seen in Gombe, Tanzania) (Goodall, 1986) 
 
 
 
 
  
95
2.9.1 Iconic Gesturing, Imagination, and Miming 
According to Savage-Rumbaugh, there are two kinds of nonvocal or nonverbal  
forms of symbolic information exchange: (a) aided, and (b) unaided. Aided forms of 
communication are lexigrams or arbitrary symbol systems. Unaided communication 
constructs are different kinds of pantomime, “iconic gesturing” (iconic is termed here as 
gestures that represent meaning either through hand signs or indexes depicting actions or 
functions to describe an object) and learned representational sign language of the deaf 
(Brakke et al., 1995). Iconic hand gesturing depends on the capacity to remember their 
meaning by their respective user. The arbitrary symbol systems, however, are given and 
require recognizability and memory of the symbol graphically by interpreting its meaning 
via its graphic form (Rumbuagh et al., 1997). The process of communicating requires 
complex mental processing beyond referential meaning, namely using signs or symbols in 
contextually appropriate timimg (this is the same in signing in ASL). Arbitrary symbolic 
systems have been shown effective in gorillas and chimpanzees as a product of long term 
functional learning linguistically important skills such as labeling or naming, asking, and 
cognitive interpretation. To exchange information from one to another demands a basic 
knowledge of what the symbols represent and to have the ability to use them in correct 
context regardless of circumstance and bilaterally (Rumbaugh, 1994). One major component 
of high cognition is to see and recognize one’s self and the difference of the other (Patterson, 
2007). 
Self-recognizability has been tested on animals and primates via mirror tests; only 
hominids passed it, knowing they are seeing their image in the mirror. When a dot is placed 
on their forehead they remove it; chimpanzees have been known—earlier than children—to 
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be aware of themselves (over seven months old). Koko has been documented to not only 
recognize herself but also makes faces and imitates facial gestures from picture magazines 
of a “smiling” chimpanzee (i.e., fear grinning chimpanzee) and imitate Dr. Patterson when 
she put on a mask she called it “eye-hat” and correctly imitated the mask that had a tooth-
exposing smile with a stick driven between them and Koko put two of her index fingers on 
either side of her mouth, teeth exposed, imitating the mask perfectly (Patterson, 2007).  
Imagination and miming in Human children imitation is a sign of creativity. 
Savage-Rumbaugh (Rumbaugh et al, 1994) also documented cases of imaginary play among 
the chimpanzees and bonobos with whom she has worked. Examples include Austin (a 
young chimpanzee born in the 1970s who was usually by himself) who was reported to eat 
from his hands in imaginary play, even using an imaginary bowl or cutlery. Pretending is an 
action identical in gestures to pantomime in humans, the acts and body motions are iconic 
and represent behaviors displayed in the real experience. Also it is a sign in human children 
of normal cognitive and creative development. Other chimpanzees were observed playing 
imaginary games. Sherman, another male chimpanzee that worked with Savage-Rumbaugh 
at the time, reacted when playing with a puppet (“King Kong”) as if it was biting him on the 
hand, and even made puppets attack one another. One interesting case of imaginary games 
was described when both Sherman and Austin saw a video of King Kong in a cage much 
like their own, and they attacked an invisible entity in their room by throwing things at one 
specific part of their enclosure and even getting a hose to squirt water at it. Nothing was 
really there. Kanzi used to offer non-existing food to those around him, swallowing it 
quickly by himself afterwards (Rumbaugh et al, 1994).  
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Koko was observed to have imaginary conversations with dolls and seemed to sign 
to herself and others when she was alone in the room. A young female chimpanzee, Vicky, 
played with a pretend marionette puppet, pulling strings and getting it caught in imaginary 
places, with her caretaker once intervening to untangle the imaginary doll that Vicky seemed 
to get caught into (Scharfstein, 2006). Acting and miming is a part of recreating experiences 
and activities in which an individual took part in reality. Through games human children 
represent items and refer to locations or people by tracing or “mapping” a particular location 
or feature of the object they are referring to, “iconically” representing, not in an arbitrary 
way, but rather in a way that reflects its form characteristics (Bonvillian et al., 1997). 
Imaginary play relates to iconic gesturing through representing an object or action for the 
individual or to others of his/her intended meaning in the gestures made. These are indexical 
as they signify the object referred to in sign (these are similar to the intellectual processes 
needed to represent objects on paper: depicting main attributes either form-based or 
conceptual). 
Not enough evidence has been reported in non-human hominid imaginary play, but 
the reports, although anecdotal, are representative of several of the great ape species. They 
are, however, all cross-fostered into human families. Another example of pretend play 
together with mirror recognition can be seen in the case of Austin, who was reported to eat 
imaginary food while observing himself in front of a mirror. If children were seen playing in 
such a fashion it would be described as imaginary play; evidence is intriguing, however, in 
the case of non-human hominids doing similar iconic gesturing. Furthermore, Koko was on 
many occasions observed to sign to herself items she recognized in magazines; in one case 
she responded to a picture of toothpaste and brush by making the sign for “brushing teeth” 
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(Patterson, 2007). Pan Banisha demonstrated the act of “eating,” not literally but in gesture, 
of photos of food items in newspapers. Koko responded uncued to the photo suggesting 
clear comprehension of the “icon” she saw in the photo by acting it out in gestural sign 
language. This was spontaneous and suggests correct comprehension and perception. 
Spontaneous uncued signing or referencing was also described in accounts of Pan Banisha 
calling snow falling outside the window as “ice TV.” Austin directed attention to the 
outdoors by pointing to the lexigram symbol of “scary” when he saw a chimpanzee taken in 
a cage (Rumbaugh, 1994). Koko understood the drawing of a schematic map of her outdoors 
enclosure. When Patterson requested to know where a pin was lost, Koko pointed to the 
correct area on the map, and the harmful pin was found (Patterson 2007). In terms of 
mapping and remembering location of an item, Kanzi on one instance remembered the place 
where his ball was forgotten the previous day (Rumbaughet al, 1994). Kanzi could 
remember places where he hid his ball, even years later. I don’t know how many balls he 
could hide and recall at one time; it would be a good thing to test. 
Manipulation is also a trait exhibited by chimpanzees and gorillas. Koko used a 
pencil to test a bolt of wire of her mesh enclosure and when confronted by Dr. Patterson, 
who knew what she had done, Koko signed and gestured with the pencil “smoke” (as in 
cigarette) (Patterson, 2007). Kanzi, when denied candy, would ask to get a play item from a 
room where candy is hidden just to get the chance to take candy without permission 
(Rumbaugh et al, 1994).  
Gorillas in captivity (sanctuaries and zoos) have been shown to communicate in 
body language or gestural signs that seem to be understood between them. In terms of 
readiness to play, they express this through lightly “pounding” their hands on their knees 
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while slightly shaking their body. Many hand gestures are comparable between humans and 
Great Apes, and Dr. Patterson describes these as learned iconic gestures that signify action 
or a specific intention. Though body language and hand gestures are regarded as 
representations from their mind’s interest to the translation into hand sign, both Koko and 
zoo gorillas at the San Francisco zoo have been shown to exhibit such learned behaviors in a 
comparative study of both (Patterson, 1997). 
Savage-Rumbaugh states that iconic gestures that were observed in the wild caught 
bonobos originated in the wild (body language is seen in the process from touching, to 
pointing, to gesture). (Rumbaugh, personal communication, 8 July, 2008)  
 Patterson’s theory states that all Hominids have evolved to develop iconic gestures 
in social play or sexual interactions through experience and requested interests understood 
by the group in the form of first meaningful sign making of informational exchange—the 
cornerstones of human language, with human informational communication being a 
sophisticated version of these basic mind interpreting (their surroundings or objects) and 
hand gesturing its “representation” or “translation” of it and comprehending the outcome or 
intended result of such a gesture or sign from the “reading” or “interpreting” party that will 
act accordingly. Wrong gestures may provoke violence and misinterpretation of one member 
from one culture to a different one in human society; this maybe comparable to what 
happens in inter-group encounters in non-human hominids (Bonvillian et al., 1997).  
Iconic representational gesturing is defined as acting out in gestures what it is they 
are trying to communicate; this is thought to serve as a basic form of iconography of 
describing an object or action in human terms. When a male gorilla at the zoo requests 
another to inspect a certain part of his body he or she either points to it or physically 
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emphasizes it (arm or head shaking or hand placing on it) in a form of specific directional 
attention requests. The same is seen when they request to draw attention to an item of 
interest or act. This can be seen in humans in gesture of wanting a massage on the shoulders 
by enacting it. Iconography of a gesture is regarded as pantomime like or expressing through 
gestures what they want, this was seen in Koko since early rearing. Koko made up hand 
gestures for objects she had no sign for, to name a few:  
1. Clay was depicted by jointly making both hands roll an invisible ball.  
2. Hand Puppet was gestured through the one hand pulling down on the palm of the 
other in the form of covering the hand with a puppet.  
3. Bracelet was a gesture of having one open hand on the wrist of the other.  
These signs were used when Koko was interested in them. The gestural signs Koko 
invented are thought to develop due to physical manual feeling of the items and cognitive 
memory of their function and form, again like pantomime to give it meaning to the 
interpreter trying to understand her. This gives reason to believe that other forms of 
iconography are not foreign to non-human hominids. Knowing that another group member 
can interpret another’s gestures or in fact their “mental requests” that can not be described in 
spoken words, leads to a seemingly endless amount of sign inventiveness (fingers on the 
eyes to signify glasses and so on). In Koko this communicational development was gradual 
and occurred in stages from age 1–7 (Tanner, et al., 2007). 
In order to gesture such intentional iconic referencing, one has to have self 
awareness (Tanner, et al., 2007) and see her/him self in the other eyes or imagine oneself in 
their place (Hall, 2000), namely in the place of the “viewer” or “interpreter” of the sign. 
Savage-Rumbaugh states that one has to have this for any kind of intentional communication 
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and that most of the iconic gesturing of Koko (gorilla)and Lucy and Vicky (chimpanzees) 
occurred because they lived in a human culture, and humans could understand those 
gestures. Bonobos use subtle gestures among themselves, and they use sounds of all kinds 
with use of instruments. Body postures and eyes are important (Figure 60). Eyes can 
communicate intention very explicitly, as well as direction of events. But the most effective 
is simply vocal language. (Rumbaugh, personal communication, 8 July, 2008) 
Koko is able to expand her taught sign language vocabulary because she grew up in a 
human culture encouraging such communication; her sign inventiveness, however, is 
perhaps due to her naturally high intellectual capacity, gesture capabilities, abstract thought, 
and expressiveness as a hominid combined with her learned human vocabulary. It is due to 
the fact that many ASL signs are iconic and to the fact that Patterson invented signs, 
probably without even knowing it, and to the fact that Patterson was sensitive to them. 
 
Figure 60. Facial expressions are important 
 to convey intention and information, 
Mr. Worzle, Gombe, Tanzania (Goodall, 1986) 
 
 
 
 
 
Dr. Patterson mentioned accounts of what would be described as “imaginary play” if 
human children were to be observed doing it (referring to Koko at age seven), another 
interesting aspect of using “miming” with play. Iconography is most apparent in ASL as 
many signs depict or mimic their represented meaning. This differs from most other spoken 
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human languages that are not mimicry based (onomatopoeia), of cultural specific symbolic 
arbitrary meanings separated from actual iconic reference as seen in reality (Patterson, 
1997). 
2.10 Meaningful Use of Signs by Non-Human Hominids 
Drs. Allan and Beatrix Gardener are the two empirical psychology scientists who 
initiated Project Washoe, an unprecedented study into American Sign Language acquisition 
taught by cross-fostering chimpanzees in family homes to see whether rearing environment 
in a cultural language communicational setting can bring cause a chimpanzee to use human 
language as a deaf child would. This 42 year study was the most extensive research into the 
intellectual capabilities of a single Non-Human Hominid (Great Ape) female named Washoe 
(the Native American translation of her name means “people”). This study proved through 
the work of Psychologist Prof. Roger Fouts that Washoe was able to competently use, 
understand, and communicate through sign language with 250 signs used by her. She was 
known in her capability to invent new signs by joining signs. Creating new meanings to 
subjects or objects for which one does not know the correct ASL signs is known as 
“linguistic productivity.” Examples of this include Washoe’s unpleasant encounter with a 
Rhesus Macaque (Macaca mulatta) whom she referred to as dirty monkey. Washoe was the 
first, but other chimpanzees, two bonobos—Kanzi and Pan Banisha (Pan paniscus), and two 
Western Lowland Gorillas (Gorilla gorilla gorilla) named Koko and Michael were 
cross-fostered in ASL also. According to Fouts et al. (1997), another young ASL taught 
cross-fostered female chimpanzee named Lucy was quite good in new meaning inventions 
such as: 
1. Watermelon—Drink-fruit/Candy drink 
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2. Radish—was named by her Cry hurt food  
3. Oranges—Smell fruit  
4. Celery—Food pipe 
5. Sweet Pickles—Pipe candy  
These were names requested from the chimpanzees in “naming sessions.” This is all 
thought to be comparable to human children metaphor associative thinking (Fouts, 1997). 
Another life long cross-fostering project was undertaken by cognitive psychologist 
Professor Sue Savage-Rumbaugh at Georgia State University. She reared two bonobos, 
Kanzi and Pan Banisha, in what was termed the Pan/Homo culture, uniquely working with a 
completely symbol language vocabulary based on a system known as “Lexigrams” or 
“Yerkish,” while keeping the bonobos in both their original family group and consistently 
also rearing them in a human culture (Rumbaugh et al., 1986). This form of joint natural 
raising and human fostering encompassed a study in which the non-human hominids still 
had the best of two worlds—retaining their extended chimpanzee family group and culture 
while experiencing and contemporaneously communicating in human language and culture. 
Research with Kanzi and Pan Banisha was based on a bilateral social setting allowing 
exploration, new discoveries, walking in the woods, and making bonfires, thus creating an 
environment for intellectual exchange. 
This holistic strategy was also an integral part of Project Koko and Project Washoe, 
giving reason to the life long “parental” bonds all three researchers developed from the  
first day of “adoption.” The unique human/chimpanzee family base, in which chimpanzees 
could either be in their chimpanzee family group or human family group, was a strategy 
created by Savage-Rumbaugh in which both parties could travel outdoors, doing what they 
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wanted with backpacks, objects, and food in the forest everyday. (Rumbaugh, personal 
communication, 8 July, 2008) 
Kanzi and Pan Banisha both use a lexigram vocabulary of around 300 words (Figure 
61) and understand spoken English to a sophisticated degree (Brakke et al., 1995). If they 
were human, it would be scaled at the communicational capacity of a 5-year-old child. 
Intellectually, however, both bonobos exhibit creative cognitive capacities of older children. 
This can be expressed in their art, music, stone knapping, and problem solving strategies. 
(See appendix for long term intellectual memory example of a Hebrew symbol between 
Kanzi and the author.)  
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Figure 61 A portion of the lexigram system. 
 
Kanzi and Pan Banisha, along with all other cross fostered non-human hominids, 
Washoe, Moja, Lucy, Koko, and Michael, exhibit emotions, problem solving strategies, 
imagination, creativity, mourning, and what might be seen as a beginning of moral value of 
good and bad. In addition, they exhibit chronological thinking of past, present, and future in 
a given context in which they have been shown to remember events, people (in a positive or 
negative sense), or encounters they had for life (Hall et al., 2000).  
This gives a reason to believe non-human Hominids can serve as models for 
shedding light on early Homo and Australopithecine hominid genus behaviors and 
intellectual capacities. It is true that human cultural abilities to use the American Sign 
Language was taught to them in a modern human (Homo sapiens sapiens) sophisticated way 
(of symbolic and sign communication made up of extensive vocabularies), yet these 
capabilities of the cross-fostered non-human hominids (Chimpanzees/Gorillas) were 
interwoven with the natural high cognitive, gestural, and communicative abilities all 
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hominids share naturally by the virtue of being in the same phylogeny of the family 
Hominidae.  
Savage-Rumbaugh suggests this hominid interspecies communication is done via 
cultural sharing, thus becoming a participant in either culture. Cultural exposure and 
participation “molds” the development of an interwoven Pan/Homo or Gorilla/Homo 
culture. This is all a result of high consciousness from both parties included in  
cross-fostering. Henceforth, chimpanzees or gorillas are fostering humans and visa-versa. In 
a language rich environment, such exposure promotes this kind of self/group cultural 
awareness. Language is basically a mode of communication, but also a medium through 
which hominids can travel to a higher plane of understanding. (Savage-Rumbaugh, personal 
communication, 8 July, 2008) 
Non-human hominids—chimpanzees, gorillas, orangutans (Pongo pygmaeus), and 
bonobos—have all exhibited the ability to communicate in basic human language through 
signs or symbols, suggesting that informational exchange exists in them naturally as a part 
of their adaptive communicational strategies (Fouts et al., 1997). 
Michael, a 27-year-old male gorilla, understood 600 signs of ASL and even more 
words in spoken English before his premature death, and Koko, a 35-year-old female 
with an estimated IQ of 70–95 on a children’s test scale, uses and understands 1,000 signs, 
with her competency of spoken English even higher still. Koko and Michael were both 
cross-fostered by psychologist Dr. Francine (Penny) Patterson in a sanctuary at Woodside, 
California.  
Tetsuro Matsuzawa has been studying great apes extensively in areas including 
cognition, visual perception, memory, sign and symbol recognition, labeling, counting, 
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capabilities, drawing, and behavior, along with development (individual and social). His 
strongest and most productive relationship is with Ai, a 32-year-old female chimpanzee at 
the Kyoto Primate Research Institute in Japan. Among other tests, Matsuzawa taught Ai to 
differentiate symbols, learn their meanings and shapes while matching 26 letters to their 
respective signs. In trying to remember such an alphabet, Ai enabled the experimenter, 
through her mistakes, to compare with the human subjects’ mistakes to see if there was a 
correlation in terms of shape closeness to the correct letter. Interestingly, Ai’s choices, 
although some were wrong, were close to the those of the humans. The subjects’ wrong 
answers suggested a “similarity” (empirically compared) between the visual shape closeness 
of the chosen letter to its correct one; thus the visual perception of humans and chimpanzees 
can be described as very similar simply by identifying perceptual errors both exhibit. By 
visualizing complicated signs by their contours as has been demonstrated by perception 
experiments on chimpanzees in Ai’s group, there is strong reason to propose that 
“concavities” have the most perceptual and structural importance, as in human visual 
perception. Convex element changes in geometric shapes are not as apparent, both to 
humans and chimpanzees, as concave contour changes when requested to match a shape that 
has both altered in its outer line borders from a series of geometric shapes. The correct 
matchings correlate with human shape perception matching, emphasizing through correct 
matching of shapes that it is the contour borders that define a shape and enable its 
recognizability. When presented with concave changes, chimpanzee and human perception 
and recognition of shapes increase, compared to distortions of shapes that do not invert 
toward the center of the shape presented, but rather away from it. Such concave shapes are 
less recognizable to both humans and chimpanzees. Matsuzawa conducts his research on 
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computer systems, allowing for extensive repetition of experiments, their data recording and 
analysis, thus giving empirical evidence to statistically base his testings (Matsuzawa, 1990). 
Such perceptions research states that (in two dimensions) tendency toward concave outer 
lines of shapes focusing is a major component in interpreting items from paper to reality (in 
three dimensions) (Tomagana et al., 1992). Concave lines provide visual cues in identifying 
and recognizing shapes of objects, thus such comparing is so important. “Recognition via 
Elements” is the definition of such perception (Matsuzawa et al., 2007). 
Matsuzawa studied drawing in chimpanzees comparing infant competency to adult 
ability. Mature chimpanzees utilize a variety of scribble elements or marks with extended 
concentration and coincidence in their lines. These characteristics were not found in infant 
chimpanzees in these studies. Mature chimpanzees were shown to draw the majority of 
Rhoda Kellogg’s 20 scribble elements (Figure 62) which she described in children’s art 
analysis of 1969 (Lenain, 1997).  
These scribbles are complicated and necessitate control of the hand, intention of 
mark, removal of pen from paper, and concentration on the lines drawn. The presence of 
these features in mature chimpanzees suggest comparison of cognitive, perception related 
development along with fine motor skills of tool using, with human children drawing 
development. As chimpanzees acquire these skills with age, a comparison to human drawing 
abilities can be made. Infant chimpanzees were shown (at 12–23 months) to have the ability 
to paint lines on touch screen computers; holding of a pen, however, occurs after this period. 
The ability to hold a tool, understand its purpose, and use it while manipulating other objects 
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Figure 62. Kellogg’s Scribble Elements (left) (Golomb, 1992) 
 
to enable the function of the tool to occur is described by Matsuzawa as “combinatory 
manipulation.” Such combined abilities are demonstrated in the stone tool use of the 
chimpanzees (pan troglodytes verus) in the wild in their effort to obtain the pulp inside the 
very hard shell of oil palm nuts in Ginea at Bossou (West Africa) (Figure 63). This 
chimpanzee research site exhibits the cultural attribute of chimpanzees living there, in which 
a rock is used as a hammer tool, and the base is of another strategically placed rock used as 
an anvil. Sometimes the chimpanzees may stabilize the base rock by placing bark 
underneath, and the nuts are cracked in the same carefully picked and collected rock 
deposits in the forests where families return generation after generation. According to 
Matsuzawa, there are four stages to tool use and learning: (a) the action of “hitting” a stone 
occurs by imitation at age 1; (b) age 2 brings about the ability to correlate between the nut 
and the rock trying to hit it; (c) age 3 is when a chimpanzee exhibits understanding of 
components needed to break open nuts; and (d) only a manipulation of the objects combined 
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allows for the tools to be used properly (Tanaka et al., 2003). Only after long practice and 
observation of older group members does the young chimpanzee know how to combine 
elements for the needed function. This occurs in gradual progression of learning and 
perfecting between age 3 to 10. Only adult chimpanzees, however, exhibit extreme 
efficiency in this complex tool use system. Matsuzawa states that a “critical period” is 
needed to learn valuable tool using and manipulation capabilities. It is thought that between 
the ages of 3½ to 5 is the time most important in imitating, practicing, and understanding 
combination of elements to make the tool kit functional.  
Three chimpanzees—two adult females and a 5-year-old—did not show the 
capability of nut cracking, and the youngest one’s disability of left ankle injury from a snare 
was a long 
 
 
 
 
 
 
 
 
Figure 63. Nut cracking cultural trait with hammer and anvil at 
Bossou, Guinea (Wrangham et al., 1994) 
 
 
term hindrance, possibly not allowing attention to acquire such an ability (Wrangham et al., 
1994). Other group members were able in adulthood and late childhood to crack nuts in this 
fashion (Wranghan et al., 1994). It is in this “critical period” that Matsuzawa, Tanaka, and 
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Tomonaga contend chimpanzees may not comprehend pictorial representation unless they 
were expose to it at an early age; around 3½–5 years is when it is thought perceptive, 
coloration is cognitively made between a color photograph and its respective colored 
realistic illustration to black and white line drawing. With no previous training in such 
comparative thinking, these studies suggest chimpanzees will have difficulty linking 
illustrations to their depicted photographs. On the other hand, in terms of chimpanzee vs. 
human drawing abilities, these coincide with holding of the pen correctly and touching down 
on paper, a process that begins at the age of two months. This combined manipulation of 
fine motor skills develops as chimpanzees and human children grow. Chimpanzees develop 
slower than human children but achieve similar results in drawing development up to the 
representational level where chimpanzees fall behind, as they were not demonstrated to do 
this according to previous studies (Tanaka et al., 2003). 
Chimpanzees’ recognition of objects depicted in representational illustrations has 
been studied by Masayuki Tanaka, who presented an adult group (four individuals) and a 
young group (three individuals) “flowers” depicted either in photographs not seen before by 
them, color drawings that look “natural,” computer generated illustrations, and line 
drawings. These were shown on touch-screen computers among 11 other pictures, and they 
were asked to match the flower in the photo to a respective flower in the presented pictures. 
Ai, the sign and symbols-taught chimpanzee, and all the young chimpanzees exhibited 
results that could not be due to chance. Recognition of illustrations is theorized by the 
researcher to be due to the demonstration sessions the chimpanzees had experienced. The 
young ones were shown and taught how to relate illustrations to photographs, but the adults 
did not achieve good marks. Ai was able to perceive the connection between photo and 
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illustration and recognized the “flowers.” This research contends that there is a “critical 
stage” of learning the connection  
of drawn objects to photographed ones. Acquiring needed tool use skills requires 
‘combinatory manipulations’ (Wrangham et al, 1994) to successfully crack nuts or learn 
how to make a spear from a long branch (120 cm) to spear Senegal Bush Babies (Galago 
senegalensis). At the age of childhood, skills that are not fully practiced across several 
developmental stages: imitation, trial and error and manipulation of tool components, 
comprehension of all necessary tasks needed to get the intended outcomes does not fully 
develop. Following other members of the group enables one to process learning information 
that is imperative to tool making and use (Pruetz, 2007).  
Adults not growing up with experience of recognizing and perceiving pictures do not 
seem to be able to do well in recognizing pictorial representations. Tanaka states the 
correlation of learning sign and symbol usage and comprehension with pictorial 
recognizability and comprehension (Tanaka 2007). The level of recognition of the flowers 
was tested statistically to express whether the chimpanzees could differentiate and 
categorize “flowers” from amongst 12 presented images (Figure 64) of other items. 
Three adult chimpanzees did not appear to know the respective drawings that related 
to the photos, yet were able to correlate a photo of the flower with another photo of a flower. 
Three young chimpanzees were able to connect. Recognizing illustrations and line drawings 
and representing items from reality or photos cannot, it seems, be possible when 
demonstration sessions targeting particular circumstances of recognition do not take place. 
Young chimpanzees learn substantially better than adults to acquire these skills, and if adults 
were not exposed to symbolic thinking processes in their youth, they may not be able to 
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exhibit “graphic literacy” (Tanaka, 2007). Henceforth, drawing is a learned skill that 
requires developmental stages in order to successfully acquire the “combinatory-
manipulative” cognitive progression to allow an object from reality to be represented 
graphically.  
 
 
 
 
 
 
Figure 64. A chimpanzee recognizing a photo of flower out of 12 images 
shown on a touch screen computer (Tanaka, 2007) 
 
This comprehension that the real object is represented in the illustration is a possible 
prerequisite to making a drawing without prior knowledge. There might not be a base or 
blueprint in the mind of how simplification in illustration is done. According to the “critical 
period” hypothesis of Matsuzawa (1994), one may be made to think that drawing to 
represent real items needs to be learned gradually from infancy through early childhood. The 
symbolic communication competency is regarded as the reason to have “graphic literacy” in 
terms of identifying and categorizing drawn items at representations; thus chimpanzees that 
use and exchange information graphically or through signs exhibit better results in drawn 
object recognition drawings. It can be theorized that with experience chimpanzees may be 
able to produce recognizable imagery. Matsuzawa states that, in much the same way, years 
of practice learning combinatory-manipulation of tools to nut crack representational drawing 
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is also a progressive system of training until representation occurs. Efficiency happens 
across years of practice; that is why adults are significantly more productive in oil nut 
extraction. Perhaps if representational drawing was made a part of a daily activity for several 
years, their images would become more recognizable. From all the research evidence 
compiled, it does not seem that any chimpanzee was taught and allowed to develop his/her 
drawing skills into adulthood, in terms of learning to draw representationally. Extensive 
testing provides evidence, however, that chimpanzees that are competent symbol 
communicators are better at recognizing drawn imagery that depicts photos than those who 
are not (Tanaka, 2007). Like tool making and using, drawing is a learned capacity that 
chimpanzees possess, and it is their specific culture they are born into (or move into) that 
determines the skills they will have (Goodall, 1986). There are chimpanzees in a Bossou, 
Guinea, research site that do not have the ability to crack nuts using anvil and hammer. 
Matsuzawa proposes that the two females did not observe stone tool use due to a disability 
(deformity in the eyes was documented); yet if they are females that immigrated (as female 
chimpanzees do in certain communities and regions), this can be explained by their arrival 
as sexually mature females that arrived a the stone hammering chimpanzee community after 
their “critical period” of learning (Matsuzawa, 1994).  
Adults in Tanaka’s experiments, two of which were not successful, had offspring 
that were successful in correlating illustrations to photos (Tanaka, 2007). Comprehending 
illustrations seems to be an outcome of symbol use (Callaghan et al., 2002). Comparing the 
matching abilities of children with those of chimpanzees, human infants at the age of three 
were able to correctly relate photos to their respective drawings (without having the 
instructors name the object). Younger children (2½-years-old) could not do such matching 
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tasks, but improved when instructors named the images depicted. The symbol competent Ai 
was capable of connecting signs to their respective images. Thus, she succeeded in finding 
“flower” images in the cartoon form, colored natural-like drawing, line drawing, and from 
photos unfamiliar to her. She accomplished a level of recognizability that surpassed the 
other chimpanzees in the study. Training was thought to be an integral part of image 
recognition; the younger ones were capable of comprehending graphically and gradually 
improved (Tanaka, 2007). 
Another study on chimpanzee recognition capabilities of referential line drawings 
was conducted by Shoji Itakura to evaluate Ai’s abilities. She correctly labeled them 
according to the species type, showing classification capability. In photographs of human 
subjects, Ai managed to correctly “name” them by assigning the letter that represents the 
name of a known individual (Itakura, 1994), while also showing significant results 
recognizing chimpanzee and orangutan images. By comparison, children need to recognize a 
combination of specific identifiable features in order to recognize a family member 
illustrated (Itakura, 1994). Thomas Peterson (2007) showed how two enculturated Bonobos 
(Kanzi and Pan Banisha) could correctly label the lexigram symbols of objects when 
presented with varying degrees of line drawings—from the more realistic to the more 
simplified black and white line images produced from a computer illustration program that 
converts photographs to drawings. 
In a recognition experiment, Ai was trained to associate a letter label with a 
photograph or a line drawing of an individual she knows; she had nine letters from which to 
choose. She succeeded in identifying both the photos and the line drawings. Sixty-two 
undergraduate students were also given the same test to compare results. All subjects were 
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taught a designated letter for each individual. The humans successfully identified all 
individuals except for the chimpanzee images. Ai was successful at 100% with the photos 
and at a level of 60% with the line drawings, with 11% being the chance rate. Results 
suggest Ai recognizes not only species classification but also individual representations 
(Itakura, 1994). In a related study, it was shown that chimpanzees who were not brought up 
to “read” drawn representations can still classify photos of types of objects (i.e., recognizing 
different flower photos) (Itakura, 1994). 
Perception studies have shown that picture reading abilities develop with pictorial 
exposure, with culture providing reasons for drawing representational imagery. It requires 
sophisticated cognitive combinatory processes of comprehension, interpretation, and 
memory. DeLoache et al. (1998) contended that interpreting photographs uses the same 
mental processes of comprehending an individual’s surrounding in nature. Pictorial vision 
and perception is a trait that depends on being taught referential thinking. The mind 
reproduces the main features of an object, and, when shown a photo of a similar object, 
classification of type occurs. A transfer of a three-dimensional object into two dimensions is 
done better from reality to photo than it is from photo to drawing. A “picture concept” of 
knowing how photos depict real things is a prerequisite to comprehending drawn imagery. 
Four- and 5-year-olds have been known to describe real aspects of photographed objects 
such as trying to grab images from photos or saying that they are prickly or otherwise 
depending on the item. It seems simplified illustrations do not cause tactile reactions from 
infant observers as photos do.  
As communication develops, the exchange of information via the photo or drawing 
develops. To perceive a photo, a child observes it while remembering what it is. A 
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“referent” is awakened when a main characteristic of an item is perceived. As a photo is 
comprehended by the observer as a “depiction” or “representation” of reality, the mind is 
opened to forms of expressing that object. Referencing is usually accompanied not only by 
pointing to a photo but also vocalizations are developed that are then used in relation to it, 
suggesting comprehension of images and language or sign acquisition go together 
(DeLoache et al., 1998). Callaghan, a child development specialist, asserts that when 
training infants as early as 2½ years to correspond to simplified illustrations with real items, 
their graphic competency surpasses those without training. Even when training was given 
later, those who were exposed early to a “graphic literacy” have better comprehension 
(Callaghan et al., 2002). A child of 3 years begins naming markings, suggesting a 
connection between marks and meanings developing from this age onward (Golomb, 1992). 
Another interesting aspect is drawing corrections. Socially dependent adult critique 
of unrecognizable imagery produced by children at age 3 or 4 proved an effective way to 
develop recognizability of depicted items (Callaghan, 1999). As children develop graphic 
representational competence, there needs to be a well established ability to classify objects 
around them through marks and labels (with sign gesture1 or word) to enable the next step of 
recognizable image-making (DeLoache, 2004). 
_______________________________________________________ 
1 The process of iconic gesturing: (Adopted from F. G. Patterson, 1997) 1st stage “Pointing”→ 2nd stage ”Directional 
pointing with hand configuration”(on body) → 3rd stage ”pantomiming” → 4th stage “Tracing”(on body) →5th stage 
“Tracing”(in the air) 
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2.11 Critique of Chimpanzee Art and Language Research 
In terms of representational art and mark making, T. A. Sebeok, a semiotic linguist, 
contends that human created artistry is simply an elaboration of basic aesthetic tendencies 
and capacities that animals naturally have in nature. Our artistry, however, is more 
sophisticated as a product of biological evolutionary processes. Art in human culture has 
merely added sociocultural interpretation and conceptual and abstract symbolism to 
represent reality in high intellectual cognitive abilities of Homo sapiens, Homo 
neanderthalensis, and perhaps even Homo erectus (Lenain, 1997) (in reference to possible 
symbolic meaning of Acheulean hand axes found unused) (Wolpoff, 1997). Humans only 
added meaning to already existent aesthetic referencing. 
 In terms of nonhuman hominid (chimpanzee) language research, Sebeok declared 
that all such studies are the result of either elaborate training practices—to provision great 
apes to give the impression of language comprehension—or unintentional cueing done by 
the caretakers during experimentation sessions (Rumbaugh et al, 1994).  
Unintentional cueing is described in animal cognition studies as the “clever Hans 
effect,” in which animals rely on the trainer’s body language or very subtle eye or hand 
movements to respond correctly to a given command. By having the trainer unaware to 
his/her conditioning of the “trainee,” the objectivity of the research and its validity can be 
lost. The outcome of such “blind” conditioning may be due to imitation of the trainer’s signs 
or when relying on vocalization to respond to a command the subtle directing of the trainer 
goes unbeknownst to them. This phenomenon was described when analyzing the uncanny 
responses of a horse named Hans (i.e., “clever Hans”) that relied on his trainer’s slight head 
motion to cue Hans to cease stomping the ground in response to answering mathematic 
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questions in the late 1800s. Since this trainer’s “mistake,” animal testing was treated with 
ever more rigorous reviewing. This is why Sebeok suggested that a few (chimpanzee or 
gorilla) great ape researchers come up with extraordinary results (Sebeok, 1980). 
His thoughts were about cueing and that with practice this becomes more 
sophisticated. An example of chimpanzee sign language research that nearly caused the 
termination of all funding and publishing of such studies in the U.S. was the case of “Nim 
Chimpsky,” a chimpanzee in the research of Herbert Terrace from 1973. The researcher 
thought that exhaustively training the chimpanzee (Rumbaugh et al, 1994) and constantly 
changing his caretakers (sign language students) would have positive results. Yet the 
outcome was a chimpanzee that seemingly knew 125 signs but on close inspection only 
imitated the trainers’ signs in order to get rewards or the approval of his keepers. Such low 
social interaction with “zero distractions” could not enable spontaneous communication but 
a suppressive environment to a young chimpanzee without a long-term companion (Fouts, 
1997). Morris (1962) stated that without a cooperative two-way trust and understanding, 
good research resulting in usable data cannot be achieved . 
Rumbaugh (Rumbaugh et al, 1986) states that in order to validate the use of a 
symbol or sign language system, four elements must combine: 
1. The meaning of a symbol arbitrarily represents an item, location, or subject. 
2. There needs to be a memory of what the symbol means. 
3. Understanding of a symbol needs to be a result of intentionality to refer to. 
4.   A symbol uncued or spontaneously used in a contextual/logical way regardless of 
time and space (symbols used regularly without cueing) (Savage-Rumbaugh et al., 1986).  
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2.12 Discussion 
With Koko being able to sign about features (critical main characteristics) of an 
object she’s interested in via pantomime or combination of known signs to create new 
meaning, it is evident that her mind not only understands iconicity, representation, or mental 
associative thinking (Tanner, 2007), but also abstract thought, “mapping” of an action, 
remembering of a location (on the body that the object refers to), and acting out the function 
of an item. This allows one to hypothesize that she not only perceives objects, animals, or 
places as a human child would, and that she also visualizes its components. After mentally 
comprehending it, she traces the objects on her body and in the air suggesting iconicity not 
thought possible in non-human hominids (Patterson, 2007).  
Tracing on the body or the air (or acting out) of an object or interest is an advanced 
state of iconicity that can, with correct hand movements and fine motor skills, together with 
mind focusing on memory, create similar iconic reference on paper. Pantomiming is an 
expressional form of human communication (Tanner, 2007), a form of gesturing that 
probably predated spoken language. The expressions, ideas, and objects referenced in 
miming is sophisticated and may even represent abstract concepts which cannot be perfectly 
depicted on paper. For instance (Taub, 2001), Koko invented signs that demonstrated 
“action iconicity,” by means of “inattention,” where she holds both arms in front of her face, 
acting out she’s “not cooperative,” “does not agree,” or wants time out if she is “frustrated.” 
These are interpretations of what one may suggest when a human child may be seen acting 
this way. When context provides necessity of a sign form (i.e., Koko did not get what she 
wanted), she responds with “inattention” sign (Patterson, 2007).  
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In humans, pantomiming also bases itself on facial iconicity: happy, sad, angry, 
surprised, excited, perplexed, and so on (Taub, 2001). Koko showed what may be similar 
facial expressions in trying to make a point (abstract, showing sadness or disagreement) by 
using a “frown” to show her disappointment, rejection of an object, or circumstance. This is 
facial configuration or intentional manipulation to transfer to someone else a message of her 
feeling (Taub, 2001); she emphasized her facial “sign” of frowning when she is disturbed by 
an action or item (Tanner, 2007) by showing a stereotypical icon of a frown or sad face: she 
does not only use this in cases when she is  
hurt, to show what in humans would be described as sorrow, but to also express rejection. 
This can be shown in times to get attention from her cross-fostering “mother” in 
order to get what she wants when she cannot have it. Such iconic facial “signs” are seen in 
humans to represent all the emotional baggage of trying to get the viewing party to show 
altruism, caring, regard, attention, and listen (in human terms) “to their heart”; Even 
comically, but very directly, a frown can suggest forgiveness from the viewing or 
interpreting party and sends a message that can be understood for better or worse, expressing 
feelings and emphasizing an exaggerating emotions. Seemingly then, intentional and 
manipulative facial expressions appear in human beings and in Koko Gorilla (Non-Human 
Hominids). Koko possibly even makes these faces “depending on the context” as faces 
rather than an actual reflection of her feelings. If this is the case that Koko’s facial 
expressions are “learned,” and that they are different from the facial expressions of other 
gorillas, it is evidence that Ekman’s view of “the universality of facial expression” is placed 
in question. (Rumbaugh, personal communication, July 8, 2008) 
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Koko’s use of this “human” trait in iconicity of feelings suggest not only that she has 
control over her facial muscles, but that she can be in several “human” states of expression: 
scared—open eyes, open mouth; happy—open mouth without teeth or just lower teeth 
showing; play face—open mouth, no teeth showing and tongue hanging out; and 
angry/serious—having no expression aside from direct stare and wrinkled eye brows (human 
expression is comparable). Koko makes a frustrated face (what would be described as 
frustration if a human made such an expression) by having a wrinkled face with her eyes 
looking diagonally up (Patterson, 2007).  
Being able to express in sign, gesture, or facial expression is not only possible iconic 
or information-giving about feeling, objects, or animals but also is a basic communicator of 
concepts (physical and abstract) in humans. Such representation is physical, and imitating or 
miming an action suggests an understanding of not only what the object looks like (tracing it 
in the air or on the body) but also the function that goes with it. This action imitation allows 
one individual to understand a referred concept not bound by language but understood 
across cultures (Taub, 2001) and seemingly across species of hominids.  
Mime is not necessarily universal but cultural dependant and part of a recognized 
system of communication. It is best understood as part of describing or “acting-out” a 
representation of shared experience known by the viewer and producer of the signs. This 
gestural representation of an object is iconic as it describes the subject through the main 
characteristics of its function (Rumbaugh, personal communication, July 8, 2008). 
Feelings are abstract to communicate; facial signaling or manual gesturing, however, 
makes them iconic and immediately recognizable. Gorillas and chimpanzees have been 
shown to have a vast array of facial expressions that convey meaning (Goodall, 1986). This 
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brings them even closer to human iconicity and interpretational capabilities. This is true of 
Koko’s signs, added to the fact that she invented them on her own. Koko has been 
documented to have created 50 signs (this is beyond the 1,000 ASL signs she uses 
regularly). Some of these were iconic, while other were of depicting an action (Patterson, 
1997). 
The iconic representations are of form-based attributes, and actions are conceptual 
attributes. This means that through Koko’s depiction of her signs, she conveys meaning not 
only symbolically through arbitrary signs but iconically through means of “acting out” or 
figuratively explaining her intention (towards an object or subject), thus iconically 
representing her referenced items, subjects, actions, or emotions.  
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CHAPTER 3. METHODS AND PROCEDURES 
               3.1 Introduction (Intention of the Study) 
This study’s purpose is to evaluate chimpanzee iconic recognition and production 
capabilities. Two different skills are tested, to see whether they can: (a) produce 
recognizable and representational imagery when presented with items and subjects depicted 
in photographs, in much the same way that humans can interpret there being a correlation 
between object and its respective representation (this is referred to as test 1); and (b) 
recognize simplified icons that refer to an object in a photograph (this is referred to as test 
2). After testing the first skill, the researcher also requires verification of the correlation of 
object and representation (that may or may not be apparent in the depiction) by asking the 
chimpanzee bonobos to identity what they drew (this is referred to as test 3). This 
verification process is conducted after a suitable length of time has passed to be sure the 
bonobo’s answers are not merely based on short-term memory. Long-term memory of a 
drawing suggests that attributes in their drawn depiction are serving as clues to refer to the 
corresponding photo. By identifying such form-based attributes or visual characteristics that 
apply to a specific photo, the researcher is able to determine how the chimpanzee depicted a 
feature that to him/her is representative of the object shown. One or two main features of a 
visualized object suggest that the chimpanzee perceived the subject, thought about what 
defines it, and had the fine motor skill along with graphic and cognitive response allowing 
for a representation to be made—a suite of traits thought to be uniquely human.  
There are several possible limitations to achieving what would be considered 
“recognizable” drawings. A variety of reasons such as distraction, hand-related injuries, or 
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lessened flexibility due to reduced climbing ability and hard flat-surface knuckle walking all 
have to be taken into consideration as limitations in graphic ability, along with the very brief 
training and demonstration time that was devoted to teaching the chimpanzees how an icon 
is drawn.  
3.2 Hypothesis 
Since it is known that bonobos are able to learn to use abstract visual symbols and to 
select them in response to photographs and/or spoken words (Savage-Rumbaugh, 1994), it is 
reasonable to believe that bonobos should also possess the ability to recognize simplified 
iconographic forms that reference to photographic images. They should be able to 
demonstrate match these icons to photographs they are shown on a trial one basis without 
any training to do so.  If they can abstract from a complex photo to a simple line-based 
representation of that photo, they will serve as an indication that they have the requisite 
receptive perceptual competency to understand line drawing and to do so by signifying 
representations (as opposed to “associationistic”) frame of reference. 
 
3.3 Why Chimpanzees? 
The historic precedence for these iconic cultural marks are derived specifically from 
hieroglyphics, Egyptian and Sinai (pre-Canaanian) graphic representation interpreting such 
icons as representing an object from a various array of other photographs depicting other 
items possibly suggests level of interpretation and mental processing thought also uniquely 
human. Of course, the hieroglyphs were created by modern humans (Homo sapiens 
sapiens); the comprehension of chimpanzees of such iconography could give support to the 
statement made by J. Goodall: “Chimpanzees are very much more intelligent than anyone 
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used to think—indeed their minds  are more like ours than some people want to believe” 
(Goodall et al., 1999, p.60). A level of visual literacy could also maintain the thought of 
chimpanzees being able, across lifelong use of representational sign comprehension and 
communication, to produce iconic drawing and not just representational form-based 
attributes of an object drawing. 
Mark making of intentional, meaningful, directional, communicational (meaning of 
drawing is made either by “lexigram” painting or photo pointing to convey intended object 
of reference). Referencing gives credence to the view that Hominins are clandistically a 
combinatory association of  derived and primitive traits which together scientifically define 
species affiliation and lineage. With chimpanzees and human sharing 98.6% genomic 
identity, similar closeness in mental processing, brain composition, behavior, possession of 
culture (being unique from one community to another), it is puzzling that no one 
demonstrated representational drawing to date.  Non-Human Hominids (Great Apes) have 
tool making and using cultures, and gestural behavior repertoires that are passed on from 
one generation to the next. Such learning creates unique patterns of social and tool kit 
behaviors different even from neighboring communities (Wrangham, 1994). This combined 
suite of traits places human and chimpanzees in the taxa of Hominin, a relation of species 
family closeness at the level of tribe. Hominin is then divided into Panini (chimpanzees) and 
Hominini. Molecular, anatomical, and evolutionary evidence also supports the classification 
of chimpanzees as Hominid. Indeed, genomic evidence suggests chimpanzees are more 
closely related to humans than to any other non-human Hominid (gorillas). Thus, it should 
not be too extreme to theorize that with such systematic, behavioral, taxonomic closeness, 
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chimpanzees would share with humans the rudimentary basics of graphic mark marking, 
abstraction, and referential intentional sign creating. 
 
3.4 The Research Subjects 
While chimpanzees are ideal subjects for communication tests, it is especially 
appropriate to select bi-cultural non-human hominids, who have symbol and language 
competence, having grown up developing graphic (visual) literacy by exposure to symbolic 
and graphic communication. This experience might predispose them to develop iconic 
recognition and representation at a level that requires an understanding of object 
interpretation and perception. Living as both a captive bonobo and in a setting of human 
cultural exposure requires inter-species communication. Two bonobo chimpanzees (Pan 
paniscus) were chosen for this study for just this reason: Kanzi, a 26-year-old male, and Pan 
Banisha, a 22-year-old female, who were biculturally reared both as a bonobo in a bonobo 
world, and as a bonobo in a human world (Pan/Homo culture). Dr. Sue Savage-Rumbaugh 
has raised both bonobos in a manner that enabled them to come to understand and 
communicate in the English language, while maintaining their bonobo group cohesion and 
natural communications, cultural traits, and behaviors. Such rearing exemplifies how there is 
no more any reason to cross-foster a chimpanzee in a human family to assess their 
developmental and cognitive competency in human terms.      
Savage-Rumbaugh’s rearing method shows that chimpanzees can be competent in 
human forms of symbolic meaningful communication without the need to separate them 
from their biological parents and family group. This unique setting does not cause stress or 
psychotic stereotypical behaviors, as most times occur in a cross-fostered individual 
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chimpanzee in a human family growing up after sexual maturity. This Pan/Homo balance is 
maintained, and the human life-long guardians (in this case, Sue Savage-Rumbaugh and Liz 
Pugh) are seen as integral members of the chimpanzee group. Kanzi and Pan Banisha are 
two of a handful of non-human hominids living in such intellectually expanding 
environments. Kanzi and Pan Banisha have exhibited extraordinary capabilities of 
comprehending or responding, or communicating in symbolic language, to a degree never 
before seen in non-human hominids. Other highly competent symbol and language 
communicators are Koko, a female gorilla in California, and Ai, a female chimpanzee in 
Japan. 
It would not be possible to develop visual literacy capabilities in non-enculturated 
chimpanzees in the short duration of this study. Kanzi and Pan Banisha, on the other hand, 
have already demonstrated a visual literacy that enables them to interpret meaning from an 
abstract vocabulary of 300 lexigram symbols. This skill is similar to (and possibly exceeds) 
the skill needed to identify icons (that visually resemble the objects they represent). Since 
they have already demonstrated the ability to use symbols—a complex skill with which even 
many humans have difficulty—it seems likely that they may be capable of depicting simple 
“schematic” or outline contour icons, representations that are more realistic than the 
geometric abstract Lexigrams. The act of reducing a perceived object from reality (or photo) 
to a simplified image is achievable by most humans, even the least artistically accomplished 
ones.  
While the two research subjects show exceptional skill with sign creation, they are 
certainly not the only chimpanzees with an interest in mark making. Wild chimpanzees have 
also been observed creating signs on sand substrate—once in Gombe, a chimpanzee traced 
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an outline of a shadow silhouette of a leaf (Scharftein, 2006), and recently in Fongoli, 
Senegal,  a chimpanzee named David was observed by Jill Pruetz to draw several spiral sign 
markings on the sand (Pruetz, personal communication, 10 , July, 2008). These may be the 
first-ever documented observation of a wild chimpanzee in self-motivated mark making.9 
Such examples of chimpanzee community cultural traits demonstrate capacities that require 
imitation, learning, understanding of desired outcome, abstract thought, and “combinatory 
manipulation” of tool use production. Such capabilities are seemingly a uniquely Hominin 
combination of traits.10 Thus chimpanzees are the best possible living comparative model for 
human mark making and representational image making capabilities. Zoo chimpanzees tend 
to have psychological stereotypic behaviors and are very difficult to work with if enrichment 
is lacking; hence chimpanzees who live in big family groups and have the ability to enjoy 
both human contact and chimpanzee contact are the best subjects for such research as 
conducted in this study.  
                                                 
9 David’s chimp community has been extensively documented to make spears of long sticks 
manipulated at the end to be sharper, in order to use as a weapon tool to kill and eat Galagos (bush baby 
prosimians). This community spends time resting on hot days in cave rock escarpments, both thought uniquely 
bipedal hominid traits of the homo genus. Another possible ‘creative’ characteristic of this community is the 
observed phenomenon, perhaps therapeutic, medicinal, or dietary, of mud or clay masks that several individual 
chimps were seen “wearing” on various occasions. The mud was placed seemingly purposefully as it didn’t 
cover the eyes (Pruetz, 2006).  
10 In contemporary phylogeny, hominin is the taxonomic classification of the tribal level of 
chimpanzees. This modern phylogenic cladistic classification brings viability to a study to explore graphic, 
visual, and representational literacy and capabilities of homo genus sister tribe taxa (Pruetz, 2007). 
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The chosen bonobos also have an advantage for the research, in that they are 
accustomed to humans who wish to conduct cognitive tests with them (their consent is a 
vital part of the success of this research). There is a need to achieve mutual trust, 
understanding, and calm in order to conduct complex cognitive experiments. To reduce 
stress level, the chimpanzees need to be familiar with the experimenters for a relatively 
extended amount of time, and the cross-fostering parents need to be involved (if 
chimpanzees are enculturated) so as to achieve the best possible results. When there is 
“social pressure” by a family member wanting to conduct a research assignment, the 
chimpanzees would more likely want to perform better in order to please them. The 
probability of high success rate depends on maintaining an agreed upon mood of the 
chimpanzees when they are neither distracted nor having emotional upheavals.  
 
3.5 Sequencing of the Tests 
The rationale of choosing test 1 to be first is due to the implications the investigation 
can interpret from the chimpanzee’s drawing preference. The graphic style and form or 
structure of a representation of an image can tell much about visual perception and structural 
comprehension of a photographed object. If the chimpanzees prefer drawing concavities of 
outlines or rather filling in the image via “mass” (filling through drawing the inside of the 
item rather than its contour), this will affect the choice of icon type for test two. The 
simplified icon of the object depicted can either be filled in with dark black marker or drawn 
by outline. Test 1 is thus supposed to evaluate hand to eye and mind coordination in effort to 
establish graphic competence and graphic communication of a photo in simplified form and 
a format that demands complex cognitive processes and of problem solving level.  The 
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question of how to depict an object observed to an empty page requires high thinking 
processes, abstraction capabilities, and fine motor skills to express the intended image from 
“scratch.” Such intellectual skill has been regarded across the scientific spectrum of 
anthropology, cultural studies, semantics, art, and graphic design as only a human (Homo 
sapiens) derived trait that suggests presence of self awareness, culture, and comprehension 
of graphic (visual) understanding (Bednarik, 2003). 
 
3.6 Discussion 
 
Kanzi and Pan Banisha were tested in such a way that results can be evaluated 
empirically in a standardized experimental framework. Three tests were conducted with 
results that are calculated statistically for measuring success rate and ruling out possibility of 
statistical error by finding chance rate for every test conducted, by assessing the level of 
significance (with α=0.05 or 5% level of significance), by calculating the estimated value or 
mean of what one would empirically expect as chance, by placing the bonobos’ success rate 
in graph charts to evaluate their competency in all three tests scientifically—this is the 
critical importance of standardized testing. If results show significantly beyond chance rate, 
then the alternative hypothesis of them achieving competency in the tests is accepted. If 
results, however, are at the chance level, then the hypothesis will be seen to be incorrect. 
The null hypothesis for test 3 is: “H0-chimpanzee (Kanzi/Pan-Banisha) can not recognize 
his/her drawing representationally across time and can not recognize simplified iconic 
representation,” or accepting or rejecting the alternative hypothesis: “HA-chimpanzee 
(Kanzi/Pan-Banisha) can recognize his/her drawing representationally across time and can 
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recognize simplified iconic representation.” These will be calculated for significance via 
binomial distribution statistical analysis.  
This research seeks to determine the graphic literacy and iconic competence of 
Pan/Homo enculturated bonobo chimpanzees. The data have potential  implications 
regarding the possibilities for intellectual information exchange and new forms of 
communication with non-human Hominids in captive zoos and sanctuary settings. It can 
help to emphasize how crucial it is for the psychological well-being of captive hominids to 
be permitted to live in a culturally enriching environment which permits self–expression, 
creativity, and dignified communication with their human caregivers. Kanzi, Pan Banisha, 
Koko, Washoe, and Ai are not different from other non-human Hominids except that they 
have been provided with opportunities to develop their communicative potential in a manner 
to which human beings can relate. Every chimpanzee, gorilla, or orangutan has the potential 
and intellectual capacities that require human society to treat them differently than other 
animals, as they are humanities Hominid family members still living today. Homo erectus, 
Homo habilis, and Neanderthals (or Australopithicines) are gone. We should respect our 
relatives still living and treat them in a way that would express their rightful place as 
hominids. Hopefully this research will inspire efforts to communicate bilaterally with 
hominids on their terms, in a way that they have a choice to participate or not in 
informational exchange, and in ways that cater to the specific structures of their “vocal-
larygeal apparati.”  
This study was conducted in approval with two separate Institutional Animal Care 
and Use Committee (IACUC) committees; no chimpanzees were stressed in any way. They 
had the choice to terminate every test session, they participated voluntarily, and a long term 
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rapport was established with them and the researcher to enable a two-sided trust, 
understanding, and cooperation in which both sides, humans and bonobo-chimpanzees, are 
calm and easier to complete the research. Both bonobos were told of the research 
requirements and short demonstration sessions were provided so that they would know what 
to expect.  
With data from this research, chimpanzees in zoos and sanctuaries can establish 
similar communicational strategies, and, by using chimpanzee marks that represent objects, 
their opinion on dietary requests, play items, and even feelings or subjects of interest can be 
expressed  through drawings which refer objects. 11 
Their representational drawing and graphic abilities can develop within the correct 
culturally enriched Pan/Homo environment. Savage-Rumbaugh has shown that chimpanzees 
will forever cross the borders of what we thought were traits “uniquely human.” This 
researcher (author) has learned firsthand—after sleeping in Kanzi’s presence in his room 
only separated by chicken wire mesh, asking, talking, and getting answers bilaterally from 
each other on daily issues—that as two members of the Hominin sub-family, understanding 
each other requires acute concentration and listening and the comprehending of meaningful 
gestures to communicate at the level of contextually (with reference to past, present, future 
events) accurate informational exchange and, when both sides lose fear of each other, 
possibilities of sharing experiences and intellectual capabilities erase the line between 
                                                 
11 Footnote1: Chimps Sherman and Austin study that stated they could use labels, i.e., trade marks 
like M&M and Coke to reference foods without any training (Rumbaugh et al., 1994)  
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chimpanzee and human, and the comprehension that both are members of a sister taxa at the 
tribal level (Hominin). Creativity on the part of both sides enables informational exchange 
that goes beyond spoken language and into the realm of shared information via other means 
(lexigrams, music, art, playing, and manual facial meaningful gesturing).       
        During test 1, whether the chimpanzee pointed to the drawing and the photo he/she 
depicted will be noted. The most prominent characteristics of a photo can be discerned with 
but a glance, so the amount of time looking spent at the photo would not be expected to 
affect the outcome of these drawings. The amount of time devoted to the drawing should 
depend upon the level of interest the chimpanzees have in it but the better or lesser of a 
depiction is not anticipated to be a function of time in this kind of drawings (as contrasted 
with others in which the goal would be to produce a realistic image of the object). Basic 
representational lines do not take long to produce once the features to depict have been 
mentally selected.   They are logically simplified or reduced component icons which require 
less precision than full representation realistic figurative imagery. 
 
3.7 Test 1: Representational Iconography 
The purpose of this specific test is to determine the capability of the bonobos to 
create iconic representational imagery after looking at a photograph of an object, plant, or 
animal. The central question of this experimentation is whether the chimpanzee correctly 
matches his/her markings and signs with past depicted pictures. If a significant portion of the 
matchings are correct (out of three different photos shown at each trial), there are inferences 
that may be made. For instance, Kanzi/Pan Banisha may have made simplified iconic or 
indexical signs representing (in part or as a whole) the photographic figurative images; if the 
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signs are abstract, however, they may have potentially produced a new symbol design of 
their own, separate from their life long communicational lexigram symbol vocabulary. It is 
anticipated that they will accomplish this by perceiving its main shape or features and then 
drawing it on paper. Prior to test 1, the bonobos are shown a demonstration of how a 
photograph can be simplified to a simple contour drawing which will be limited to lines or 
drawn in mass filled in icons (depending on their observed drawings) and will show only the 
most significant shape distinctions. They will be given an opportunity to draw several 
images from photos. These images are then studied to determined the number and form of  
all visual similarities between the photos and the drawings. This not only tests their mark-
making skills, it also provides information regarding how they choose to depict the photos 
they are shown. For example, are their drawings more complex than the icons demonstrated? 
Less unified? Do they focus more on one detail than on the whole image? Observations from 
their drawings may alter the expectations of test 2; it may be necessary to revise the drawn 
icons to better relate to the bonobos’ way of drawing.  
The materials used in this standardized test include a photograph with as little 
background distraction as possible (Photoshop was used to remove the backgrounds on 
some images), and an accompanying sheet of blank paper for drawing. The photo and blank 
sheet are presented together on an 11” x 17” sheet of paper, with only the photo laminated. 
This allows the drawings to be done in nontoxic markers or pens without resistance from the 
plastic surface. The demonstration session lasted between two and 10 minutes, during which 
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five icons were drawn next to the chimpanzees.12 One enclosure was reserved for the 
researcher, while the adjacent one was reserved for the chimpanzees. In order to prevent 
distraction, it was preferable to have the chimpanzees working individually with a long term 
Pan/Homo member of their culture who organized the passing of test materials and who 
asked the bonobo to not interfere with the photo places nor to reposition the photo. They 
also asked the bonobos to draw on the blank paper and not on the photograph.13 
Twenty-five photographs are shown, with 20 given to the chimpanzees to interpret 
and draw. After each drawing was made, it was transferred to the researcher. Each drawing 
was collected, and results were compared to the photograph using a correlational analysis. 
All drawings were reviewed and analyzed based on: (a) pictorial similarity with photo 
shown, and (b) visual features that may represent as the main characteristics of the image 
seen (these may be components shown in terms of placement of markings on drawing that 
correlate to the components of the photo  image). Objects were regarded as recognizable if 
the basic outline or external two-dimensional shape of the object was drawn in an 
interpretable form (these may either be drawn in reference to the real object the 
bonobo-chimpanzees remember from reality, or simply as they visually and graphically 
perceive it. These factors may affect the drawing itself as the bonobos may add their 
subjective view of it, as can be seen in the analysis section).  
                                                 
12 Researchers were kept behind the wire mesh, but worked as closely as possible in order for the 
demonstration to be observed. 
13 These photos were needed for test 3, so it was necessary to keep them intact during test 1. 
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“Cloud reading” and interpretation will be avoided by showing a direct link between 
visual attributes (depicted graphically by the chimpanzees) and those in the photographs and 
by the bonobo-chimpanzees’ recollection of their drawing’s meaning across time. 
 
 
3.8 Test 2: Recognizing Icons 
The aim of this portion of the study is to determine if what the bonobos learned from 
the first session  about creating simplified graphic form has been understood enough to 
begin recognizing signs as denoting the objects referred to in the photographs. The purpose 
of this test is to evaluate comprehensional, referential, and “visual literacy” and “graphic 
simplification competency.” Understanding that a simplified graphic form, showing only 
main elements of a depicted figure, is different from a realistic or color illustration demands  
more interpretational, mental abstraction, and comprehension of form-based attributes 
without complete depiction of every component that “makes” the object look like it is in 
reality. The mind fills-in the important aspects and elements of the object while perceiving 
that a depiction iconically made still references the original object. Matching photos to 
realistic representations has been shown in chimpanzees; even line drawings that were 
computer generated in black and white were tested on chimpanzees to show matching 
abilities. Icons that are historically based on human mark making and script representation 
of objects (of the Hieroglyphic type), however, were not previously shown to chimpanzees. 
In test 2, the bonobos will be shown 20 different iconic marks that represent animals or 
objects. They will be given a chance to match that icon with the photograph that it represents 
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(out of 2, 3, or 6 different photos at each session). A high success rate with this suggests that 
they have an ability to mentally relate a simplified iconic drawing to the object it represents.  
Test 2 will be also analyzed for statistical significance to evaluate the chimpanzee’s 
ability to recognize, through graphic literacy and comprehension, iconic representations of 
photos via choosing either from 2, 3, or 6 photos to match to its specific iconic object 
depiction. The null hypothesis for this test will be: “H0-bonobo-chimpanzees (Kanzi//Pan-
Banisha) can not recognize simplified icons that represent objects or subjects in 
photographs from a given set.” Alternative hypothesis is “HA-bonobo-chimpanzees 
(Kanzi//Pan-Banisha) can recognize simplified icons that represent objects or subjects in 
photographs from a given set.” Through accepting or rejecting both hypotheses, the 
researcher hopes to come to an empirical conclusion about the bonobo-chimpanzee’s 
capabilities of producing meaningful marks or referential drawings that across time has 
attributes that describe an object depicted by them. 
 
3.8.1 Test 2 Description 
Based on Matsuzawa’s (2000) research, it was initially intended that chimpanzees 
can choose a match to a given symbol or object from 12 different photos presented on a 
computer screen. Hence, the author estimates that theoretically up to 20 photos from which 
to choose an icon match is plausible. Yet due to time constraints and very short 
demonstration period, the chimpanzees could not be accustomed to such a high number of 
“visual distractions.” The choice was made to place 6, 2, and 3 sets of photographs in order 
to assess statistically the knowledge of the chimpanzees in terms of pointing to the correct 
photo from which the drawn icon was derived, with a level of error and chance rates 
  
139
assisting evaluation of icons the chimpanzees know verses ones they guess. The limitations 
of this test lie in the short time for demonstration on a higher level of photographic variation 
and a short number of actual working sessions with the chimpanzees due to time constraints 
(by limited visitations). The rationale for having test 2 is due to the graphic visual 
competency in interpreting a simplified icon in relation to its original respective photo 
depicting it. Once a statistically significant number of matches is collected in a form of 
standardized testing that can be empirically evaluated to that comprehension of icon to 
photo, it is not a result of chance.  
Materials used for this test include laminated photographs of animals and objects that 
the chimpanzees are familiar with from their excursions in the forest as part of their rearing 
environment (Language Research Center, Atlanta) or new photos of objects they have never 
seen (i.e., shark). This is done to assess whether graphic competency and visual mental 
interpretation is affected by familiarity with a known subject or is iconic recognizability not 
dependent of a prior knowledge of an object, but simply identifying a form of simplified 
referencing enough for iconic comprehension. By choosing the correct iconically matched 
photo beyond and over the chance level (21%–33%), it can be shown empirically that iconic 
referencing is either present or needs to be reassessed with more long-term data collection 
and concentration on objects with which the chimpanzees are familiar. If an individual 
chimpanzee can interpret a simplified reduced component icon to refer to a photo, it may not 
be necessary to continue communicating information to chimpanzees via photography; a 
new level of comprehension can be achieved, hieroglyphic style icons can take the cause of 
expanding vocabulary, and by gradually reducing the icons further, a script-like lexicon can 
emerge just like the development of Heratian Egyptian writing from Hieroglyphics (Figure 
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23). Such simplification would further enable and make not only interpretation easier, but 
also drawing would be less challenging.  
The unanswered question is whether non-enculturated chimpanzees in human society 
would be able to interpret and communicate with humans in such a fashion or rather is 
“graphic literacy” of icons reserved only for chimpanzees who learned a symbolic language 
(lexigrams, sign language) all their life (not in the form of exhaustive reward or reciprocal 
training but by living in a cultural setting that incorporates chimpanzee family grouping and 
natural traditions with an experimental learning exposure via living in a social symbol rich 
culture (Savage-Rumbough et al, 1994). To what extent iconic literacy reflects intellect is a 
question for comparative and experimental psychologists. Children begin to name photos 
between 1 and 3 years of age, but graphically interpreting an icon and comprehending that it 
represents an actual object is thought to occur much later, around age 4 to 5 (Golomb, 1992). 
Some child art researchers suggest this is correlated to the development of universal 
representational imagery in human children (i.e., stick figures, geometric shapes) (Alland Jr., 
1983). Naming a photo occurs at age 3 (or younger) in societies that have photos and where 
people ask children about them. It may not occur in societies that don’t have photos, and it 
can be difficult at first for them to see what is in a photo, especially if they live only in a 
rainforest indigenous tribal setting. Similarly the “‘perspective vision” of people who live 
there, unlike Westerners at first (as things far away may not be perceived to them as little on 
paper—graphically—to them or visa versa). (Rumaugh, personal communication, 8 July, 
2008). 
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3.9 Test 3: Recalling of Signifying Marks 
The purpose of Test 3 is to eliminate any potential researcher bias toward reading 
intentionality into bonobos’ drawings that the bonobos did not produce in a purposeful 
manner. This is an important test as it enables the researcher to affirm, or deny that the 
bonobos are able to recognize the object they intended to represent in their drawings after a 
period of time has passed. If they can indicate which photo is depicted in their drawings, 
they will have demonstrated a level of graphic literacy and referential competency that  
has been presumably limited to Anatomically Modern Humans (Homo sapiens). If a  
4- to5-year-old human would consistently refer to marks he/she made as meaning a 
specific object after a relatively extended period of time, one would interpret his/her graphic 
capabilities as having meaning to them. Intentionality, consistency, referencing, placing 
graphic clues in a drawing (as memory agents), and showing clarity of thought are possible 
signs of intellect or high cognitive strategy.14 The singular fact that Kanzi acquired his 
vocabulary from experience rather than through training suggests that if he would have had 
a vocal tract that was capable of produing vowels and consonants he may have been 
competent in spoken language as well (Kanzi seems to be able to produce only vowels 
making understanding his spoken words very difficult along with his high pitched voice). 
                                                 
14 Perhaps like leaving bread crumbs to remember how to get back home or remembering landmarks for 
directional purposes is a type of basic rudimentary “spatial mapping,” as it is found on paper or in one’s 
territory. Hominids rely on landmarks to find a fruit tree in a labyrinth of dense forest green or when mentally 
mapping locations. One would assume that graphically mapping intended objects would be a development 
allowed by having symbolic competency (using language) (Savage-Rumbaugh et al, 1997). 
  
142
Evidence suggests that he is competent in English and Bonobo (Rumbaugh, personal 
communication, 8 July, 2008) 
His rearing in an exploratory, inventive, and experiential environment enabled Kanzi 
to develop symbolic competency and understanding of the spoken language. Similar levels 
of cultural exposure and innovative forms of mental, visual, and psychological enrichment 
may bring any chimpanzee to exhibit the same cognitive, behavioral, and expressive skills.  
In test 3, the bonobos are asked to identify which photos they were trying to draw in 
test 1. This is to determine whether or not their drawings were unintentional (scribbles) or 
intentional representations of some kind. If they have no recollection of what the drawing 
represents, it might not have been a true representation of their drawing abilities. The 
drawings may still offer useful information and may have referential components related to 
the original photo.  
For the third experiment, the researcher used laminated photos shown previously to 
the bonobo-chimpanzees. This time the standardized three photos are presented (each 
different from the others), and the drawings separated from the original paper/photo format 
are shown to the chimpanzees. Across trials of 22 drawings and a choice of three photos 
where only one is a referential match, the chance of error or of guessing is drastically 
reduced. It would theoretically be enough for two session of test 3 of 22 drawings to show 
above 60% correct to suggest empirically that there is a chance of (p value ≤ 0.05 or 5%) for 
the chimpanzee to have guessed his/her results, meaning that only intentional, 
comprehensive, and knowledgeable choice making determined the outcome of such a test, in 
which plain luck is part of the chance rate. Graphic, visual (iconic) referential competency is 
to be determined based on the statistical result of this test. With time periods extended to not 
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simply enable compositional memorization, other factors are included when several days to 
4½ weeks pass. There may be information depicted in the elements of the drawing that allow 
representation. What those aspects are will be described in a comparative examination of the 
photos’s components and the respective drawing (see analysis and results chapter). It is 
possible to rule out cueing of the chimpanzee by the human (Homo sapiens) participants as 
they do not know what the bonobo’s drawings represent. They only know which side is the 
top of the drawing via a mark on the back of the drawing (so it will not be presented upside 
down). After a few days to 4½ weeks passed, the drawings were presented to the 
chimpanzees in an effort to evaluate if the drawings still have referential value and clues of 
representation to them. (The drawings were shown from a printed copy; on occasions when 
the chimpanzees drew over the photo, the background was removed by using Photoshop.) In 
order to find out whether a seemingly iconic aspect or element of a drawing exists 
(combined usually of various components), in some cases it was necessary to show only 
portions of their drawings (i.e., the “shark mark” of a fin shape, or the “turtle shaped” 
markings). Other times the drawings were shown as originals, and when color was present 
(brown, red, black), it was shown on printed copy also. The limitations of photocopy 
drawing are the size differences, pixcelation (fuzzy resolution), and other visual disturbances 
such as cut of a line in a section due to confusion between drawing and photo background. 
When originals were shown, a higher degree of recognition was apparent. When the author 
(researcher) confirmed that visually and graphically the drawing has “attributes” from the 
intended photo object, this reaffirms that a credible correlation existed between the photo 
and its drawn representation (as far as the Western eye can discern)  When out of three 
different photos, a drawing was correctly matched to the intended photo object, but is not 
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visually or recognizably interpreted by the researcher, this suggests that there are some 
markings of significance that to the specific bonobo represents a specific object. 
 
 3.10 Possible Limitations of Sign Identification  
And Production 
 
As with any study in semiotics, there are limitations in this research. According to 
Charles Sanders Peirce (as cited in Berger, 1989), semiosis is the interpretation of meaning 
and its correlation to a sign in terms of referencing. Here it was suggested that life 
experiences, teachings, and the use of symbols in a culture (where meaning is given to signs 
in an arbitrary fashion known through cultural exposure) may possibly affect comprehension 
and perception. When, for example, newly introduced form-based (figurative) or iconic 
signs do not resemble their respective photo images, the meanings may be confused. This 
could occur if one of the new icons graphically resembles an unrelated lexigram symbol 
(i.e., the lexigram for “dog” graphically resembles the iconic sign for “pine tree”). This, 
however, was shown not to be the case in this research.  
Peirce’s Triad model is a theoretically never-ending process (unlimited semiosis) of 
associations in which an Object that is described by the Representamen as a sign that 
triggers an image in the mind of the observer (known as the Interpretant), brings about 
another associative triad in which the mental image of the object by the observer is 
transformed in the form of a new associative sign (via “memory agents” or a few graphically 
referential attributes representing the object). This may change the meanings of a sign time 
and again where one sign is connected to the image of another that is reminiscent to a 
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different sign remembered as something else (Sebeok, 1994). This, however, was shown not 
to be the case in this research.    
The specific shortcomings and limitations of all three of these test approaches are 
time limitations, attention span, bonobo behavioral limitations of discomfort or 
unpredictable emotional or psychological status, misinterpretation of the tasks, problems 
with fine-motor skills, and limited drawing experience which may hinder their ability to 
make recognizable figurative or recognizable referential marks. Furthermore, the research 
can not ensure bonobo-chimpanzee interest in the subject, since they have personal choice of 
participation and timing of sessions. A further limitation to test 3 is that some of the 
markings produced by Pan Banisha and Kanzi may be misinterpreted by them after a week 
or so, based on forgetting the picture from which they created it or associating the mark with 
a different picture than their original intention based on the signs visual similarity. Another 
potential limitation of this approach is that the short time does not allow for long-term 
practicing, possibly needed for sign making.  
Table 1. Test 2(B) (excerpt from the test) recognizing one icon out of two from spoken 
English (no photos presented in this test) 
squirrel  Squirrel Yes 
Wasp  Wasp Yes 
Cat  Cat Yes 
Bird  Bird Yes 
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Table 2. Hieroglyphic style icons and their respective photograph images (not all are 
shown) 
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CHAPTER 4. ANALYSIS OF TEST RESULTS 
 
4.1 Introduction to the Results (Research Test Results) 
 
Test 2 (A): choosing 1 icon from 3 photographs (using transparencies that are visible 
when set directly on photograph) 
Test 2 (A) Kanzi: (1 out of 3) x(18 correct of 34). Success rate of 52.94% out of 
100%. Significant results as the expected value or mean (blue arrow) is: 11.33 Kanzi’s 
results were (black arrow):18 Pvalue=0.0076 at α=0.05 level of significance (Figure 65).    
 
Figure 65. Test 2 (A) Kanzi 
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Test 2 (A) Pan Banisha: (1 out of 3)x(14 correct of 29). Success rate of  48.27% out 
of 100%. Significant results as the expected value or mean is (blue arrow): 9.67, Pan 
Banisha’s results were (black arrow):14, Pvalue=0.043 at α=0.05 level of significance 
(Figure 66). 
 
Figure 66. Test 2 (A) Pan Banisha 
Test 2 (B): Recognizing icon by spoken English (no photos presented in this test) 
Test 2 (B) Kanzi: (1 out of 2)x(14 correct of 21). Success rate of 66.66% out of 
100%. Expected value or mean is (blue arrow): 10.50, Kanzi’s result (black arrow): 14. 
Pvalue=0.063 at α=0.05 at level of significance, thus it approaches significance(Figure 67), 
 
 
 
 
 
 
Figure 67. Test 2 (B) Kanzi 
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Test 2 (B) Pan Banisha: (1 out of 2) x(23 correct of 27). Success rate of 85.19% out 
of 100%. Significant results as the expected value or mean is (blue arrow): 13.50, Pan 
Banisha’s results were (black arrow):23, Pvalue=0.0001 at α=0.05 level of significance 
(Figure 68) 
 
 
 
 
 
 
 
Figure 68. Test 2 (B) Pan Banisha 
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Test 2 (C): choosing 1 icon from 2 photos 
Test 2 (C) Kanzi: (1 out of 2)x(22 correct of 33). Success rate of 66.67% out of a 100%. 
Significant results as the expected value or mean is (blue arrow): 16.50 Kanzi’s results were 
(black arrow): 22 Pvalue=0.027 at α=0.05 level of significance (Figure 69). 
 
 
 
 
 
 
 
Figure 69. Test 2 (C) Kanzi 
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Test 2 (C) Pan Banisha: : (1 out of 2)x(16 correct of 28). Success rate of 57.14 out 
of a 100%. The expected value or mean is (blue arrow):14 Pan Banisha’s result (black 
arrow):16 Pvalue=0.22 at α=0.05 level of significance (Figure 70). 
 
Figure 70. Test 2 (C) Pan Banisha 
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Test 2 (D): Icon recognizing from 6 photograph images 
Test 2 (D) Kanzi: (1 out of 6)x(8 out of 28) Significant results as the expected value 
or mean is (blue arrow): 4.67, Kanzi’s results were (black arrow): 8, Pvalue=0.0454 at 
α=0.05 level of significance (Figure 71) 
 
 
 
 
 
 
 
Figure 71. Test 2 (D) Kanzi 
 
Test 2 (D) Pan-Banisha: (1 out of 6)x(8 out of 30) the expected value or mean is 
(blue arrow): 5 Pan Banisha’s result (black arrow): 8 Pvalue=0.07 at α=0.05 at level of 
significance, thus it approaches significance. (Figure 72) 
 
 
 
 
 
 
Figure 72. Test 2 (D) Pan-Banisha 
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Test 3: Recollection of their drawings’ representation (3 photographs are shown and 
only 1 of them represents their drawing) 
Test 3 Kanzi: (1 out of 3)x(12 correct of 20). Success rate of 60% out of 100%. 
Significant results as the expected value or mean is (blue arrow): 6.67 and Kanzi’s results 
were (black arrow): 12. Pvalue=0.0057 at α=0.05 level of significance (Figure 73) 
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Figure 73. Test 3 Kanzi 
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Test 3 Pan Banisha: (1 out of 3)x(9 correct out of 18). Success rate of 50% out of 
100%. Expected value or mean is (blue arrow): 6, Pan Banisha’s result (black arrow): 9. 
Pvalue=0.066 at α=0.05 at level of significance, thus it approaches significance. (figure 74) 
 
Figure 74. Test 3 Pan Banisha 
 
4.2 Test 1: Analysis of Kanzi’s Drawings 
Kanzi's drawings seem to depict mass and movement of that mass with a perspective 
view of three dimensions which is somewhat different than our modern visual graphic 
perspective drawing on two planes depicted simultaneously: one which is reconizble to the 
researcher, the other is not. The marks in both these two “planes” are connected and linked 
with lines. Kanzi has exhibited different styles (variation of designs, variability of forms, 
and uniqueness of each theme or photographed subject with marks that correlate with each 
one), but he rarely uses the “outline” concave design. Furthermore, reduction and 
referencing of the main features is another trait shown in his drawings. Another interesting 
feature is his “movement” style in many of his designs.  
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“Keyboard”  
Attribute featured: making music by pressing the keys or perhaps expressing how 
to make music by pressing the keys. 
How attribute is depicted in the drawing:  two outstretched lines may serve as 
hands with repetitive curvilinear marking emphasis on the keys to show what is done with it 
or two outstretched lines may serve as hands with repetitive curvilinear marking emphasis 
on the keys to show what is done with it.  
Similarity to the photograph: low 
Mark-making category: index 
 
      
  Figure 75. Kanzi’s “keyboard” 
 
Discussion: Here he understands that this is not a real keyboard, so he graphically 
depicts the action needed in real life in order for this to function. Instead of drawing what 
the keyboard looks like, he makes an indexical reference to the keyboard’s functionality. It 
is worth noting that he draws on the keys, but not at all on the rest of the keyboard; clearly 
recalling the main operative area of the instrument. This indexical depiction requires 
perceptive, and graphic literacy and interpretation, while remembering the action itself. 
Even when the photo was removed from behind his drawing, Kanzi recognized his 
keyboard.  
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“Duck”  
Attribute featured: expansive body of the subject against its background scene 
How attribute is depicted in the drawing: directional (left to right) movement; 
wings and body evident; image fills the page 
Similarity to the photograph: high 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 76. Kanzi’s “duck” 
 
Discussion: here Kanzi seemed to depict the expansive body of the subject with 
reference to wings, body mass, and head; elements are contextually comparable, with 
possible reference to legs at the bottom of the image described in smaller markings that 
differ from the “whole.” The drawing clearly shows directional movement to the right and 
repeats the diagonal of the duck’s body. It is noteworthy that the duck photo was one of the 
few images presented with a full background. Likewise, it is the only drawing where Kanzi 
felt compelled to fill almost every empty space of the page.  
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“Oliver” 
Attribute featured: head atop a torso with left and right arms 
How attribute is depicted in the drawing: extreme simplification of body in five 
lines in comparative placement with the image; image fills the page in correct perspective. 
Similarity to the photograph: high 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 77. Kanzi’s “Oliver” 
 
Discussion: Kanzi drew the extreme abstraction of this figure implying the chest 
area by a diagonal line, the two arms marked as balancing weights from either side of the 
chest, and the head is a vertical mark of reference. In this drawing, as in some others, he 
defies the initial expectations of how a form would be simplified; the assumption being that 
he would be primarily concerned with the outer, “closed” contour of the object. Instead, he 
chooses to keep the drawing “open,” using single strokes rather than fully enclosed shapes.    
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“Snake” 
Attribute featured: simplification of body with waved shape comparable to snake 
body 
How attribute is depicted in the drawing: curvilinear strokes that show similarity 
to the photograph 
Similarity to the photograph: high 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 78. Kanzi’s “snake” 
Discussion: “Snake” is referenced by waved lines similar in its relation to the image 
in terms of formal attributes of the body; through both the vertical positioning of the drawn 
image and the selection of the red color, Kanzi made further correlations to the snake in the 
photo. What appears to be an element of replication, the two elements are connected by line. 
There may be a different kind of perspective portrayal than the two dimensional formats that 
human’s use. The drawing on the right is shorter and its duplicate on the left is longer. 
Savage-Rumbaugh (personal communication) contends that human eyes are adjusted to the 
two dimensional representational planes on paper differently than the bonobos. 
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“Turtle” 
Attribute featured: unknown, non-figurative marks being referential to Kanzi of the 
subject  
How attribute is depicted in the drawing: unintelligible markings 
Similarity to the photograph: low 
Mark-making category: possible index 
 
 
 
 
 
 
               Figure 79. Kanzi’s “turtle” 
  
Discussion: Kanzi depicted his graphic visual interpretation of this image. While to 
the researcher, there is no known form-based attributes evident, Kanzi seemed to have 
drawn it with markings that to him have meaning; he successfully recalled it after 4½ weeks. 
There are lines connected here with other unintelligible markings. 
 
“Giraffe” 
Attribute featured: angular body shape, line verticality of  orientation 
How attribute is depicted in the drawing: verticality of strokes; triangularity of 
form; main characteristics of subject depicted as lines comparable to a simplified giraffe. 
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Similarity to the photograph: high 
Mark-making category: icon  
 
 
 
 
 
 
 
Figure 80. Kanzi’s “Giraffe” 
 
Discussion: Kanz seemed to graphically depict the image through simplicity of only 
the crucial lines; his choice of red is also helpful for the connection to be made, since the red 
marker was closest to the color of the giraffe. As seen in the far right of this figure, the red 
drawing must be turned upside down in order to see the undeniable giraffe reference. 
Without an exhaustive study of chimpanzee perception, it is unclear why the drawing would 
have been created in an altered orientation; nonetheless, the iconic reference is clearly 
intentional when seen in this orientation.  
“Chair” 
Attribute featured: oval shape of the seat area; the act of sitting 
How attribute is depicted in the drawing: with the repetition of light and dark 
color and very similar shape of both give effect of one object atop the other (i.e., sitting) 
Similarity to the photograph: low 
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Mark-making category: icon or index 
 
 
 
 
 
 
 
 
 
Figure 81. Kanzi’s “chair” 
 
Discussion: this is an interesting depiction as this drawn image is made up of two 
elements in color, the black and red (chosen by Kanzi from a variety of marker colors); there 
is repetition in both forms that may be suggestive of the sitting aspect of the chair. With the 
black referred to perhaps as someone “sitting” on the red chair below I, or rather this is a 
description of chair and its shadow. Apparently this may have meaning to Kanzi based on 
his ability to recognize the drawing in test 3. As in some other drawings, Kanzi connects his 
drawn form to the photograph by a line that links the two; it is unclear what the purpose of 
this is, other than possibly to say ‘this = that’. Note the 2 linear forms  that are similar one in 
black and one in red each connected to the chair (perhaps as a described association with the 
object in the photo). The circular mass is the stability of sitting, each located on the chair by 
the connecting line.   
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“Car” 
Attribute featured: oval and curvilinear forms; color of car 
How attribute is depicted in the drawing: radiation of oval shapes in pink and red 
(chosen by him out of a selection of markers) to depict the form of the car that is mainly of 
circular curved structure. 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 82. Kanzi’s “car” 
Discussion: Kanzi used radial and curvilinear elements which have relation to the 
visual aspect of the is repeatedly oval componential car, colors red and pink chosen by 
Kanzi also relate to this image. Here also, Kanzi connects his drawn form to the photograph 
by a line that links the two. The two ‘masses’ have one smaller than the other similar 
graphic visual principle of “large and small” as seen in his “snake” drawing. And the 
connection is to the wheels which at the moving parts of the car. 
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“Cow” 
Attribute featured: unintelligible 
How attribute is depicted in the drawing: markings that are curvilinear, yet not 
enough information is given 
Similarity to the photograph: low 
Mark-making category: unknown 
 
 
 
 
 
 
 
 
Figure 83. Kanzi’s “cow” 
 
Discussion: Kanzi seems to mark the curved angles of this image; some markings as 
the rump or back stomach outline are somewhat similar, but it is for the most part 
unintelligible. Another possibility is that he horns and ears are in the upper right corner – the 
body and the legs in the diagonal plane, this image is more like style Kanzi used to depict 
Oliver (few simple lines as reference markings of the image). This suggest that Kanzi has 
two different styles of depiction: three-dimentional mass drawings and referential main traits 
markings in a few lines  
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“Crab” 
Attribute featured: overall body shape 
How attribute is depicted in the drawing: design in lower right corner seemingly 
corresponds to the shape of crab body 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 84. Kanzi’s “crab” 
 
Discussion: here Kanzi seemed to have referenced the extending legs via long line 
stretched from the curved round shaped “body” below. The claws are prominently 
positioned at the bottom of the drawing. Again, he seems to want to connect his drawn form 
with the image in the photograph. It apparently has meaning to him, as suggested by his 
ability to recognize it later in test 3. Crabs move in a sidewise direction and the mass of this 
drawing is on the body of the crab and the lines away from the crab represent its movement.  
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“Flower”  
Attribute featured: oval petal shapes; repetition and radiation; color of flower 
How attribute is depicted in the drawing: radiation of ovals drawn directly on 
photo seemingly corresponds to the shape of petals 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 85. Kanzi’s “flower” 
 
Discussion: Kanzi seemed to trace the radiation of the flowers petals on the image 
itself; this is difficult to see because he drew his flower directly on top of the photograph, 
using a similar color, which doesn’t stand out strongly. This color, however, was likely an 
intentional reference, since he chose it among several marker colors. By using black here he 
is perhaps depicting background. 
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“Frog” 
Attribute featured: referential unintelligible markings 
How attribute is depicted in the drawing: markings seem to represent frog to 
Kanzi 
Similarity to the photograph: low 
Mark-making category: index 
 
 
 
 
 
 
 
Figure 86. Kanzi’s “frog” 
 
Discussion: Kanzi here perhaps made reference to the lines on the frog in the photo, 
yet the small circle (with a curved line over it) below the photo may also serve as a formal 
attribute. It is not known why in some cases he chooses to draw directly on top of the photo. 
Perhaps he is indicating that the frog is what he is intending in his drawn forms. The red 
mass on the body of the frog may be its body. The black markings away from the frog and 
below it are perhaps the way a frog moves when hopping as marks are disconnected because 
the frog leaves the ground (contrast this with the way a crab moves and the lines going from 
the body of the crab).  
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“Rabbit” 
Attribute featured: in two different drawings: head shape with vertical ears; rabbit 
foot; leftward motion  
How attribute is depicted in the drawing: contrast of oval and linear forms (ie. 
head to ears) contrast of the verticality of the ears with the horizontality of the head; rounded 
oval of the head. 
Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
                                                          Figure 87. Kanzi’s “rabbit” 
 
Discussion:  Kanzi possibly created descriptive components in the shape of the 
rabbits ‘head’ or ‘ears’ in the mark above or perhaps the rabbit’s “foot,” the circle with two 
outward angles may be a simplification of its body and legs. The swirling strokes depicted 
around the head of the rabbit in the photo indicate not only that he is focusing on the head in 
his drawing, but may also reference a dynamic aspect to the animal.  It is the foot of the 
rabbit which is responsible for its hopping is perhaps strongly depicted here. The circle 
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markings around the ears may represent the turning and movement of the ears.  These 
markings perhaps describe what rabbits do as opposed to focus on how the image looks.   
 
“Leaf” 
Attribute featured: color of leaf; nonfigurative unintelligible markings 
How attribute is depicted in the drawing: markings seem to have similar colors as 
the leaf itself 
Similarity to the photograph: low 
Mark-making category: unknown 
 
 
 
 
 
 
 
Figure 88. Kanzi’s “leaf” 
 
Discussion: here all the colors of the leaf itself were chosen by Kanzi the markings 
are unintelligible. Perhaps this is an expressional depiction of leaves in the autumn. Kanzi 
has been whiteness to many fall seasons and how the forests look at this time. 
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“Scorpion” 
Attribute featured: tail, pincers and body  
How attribute is depicted in the drawing: contrast of line and mass; grouping of 
two repetitive shapes; curve of tail Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
 
 
Figure 89. Kanzi’s “scorpion” 
 
Discussion: here Kanzi depicted in black the body and main components of the 
scorpion, two pincers are shown in circular form positioned next to each other, body is 
referenced by heart shape with the tail stretching outward distinctly. Nowhere else in his 
drawings  
can these components be found drawn together in this fashion: repetition of two oval 
‘pincers’, attached to a ‘torso’ and accompanied by a linear ‘tail’. These markings match the 
image well, in terms of its main components. Consistent with the image, his placement of 
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the elements is representational of the object depicted. The mass is on the body and the line 
away may perhaps depict the kind of movement made by scorpions. 
 
“Spider” 
Attribute featured: simplified figurative; radiation of legs from a central area 
How attribute is depicted in the drawing: markings match image in terms of its 
main components (body, legs) in reference and expansive use of paper space as in the image 
Similarity to the photograph: high 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 90. Kanzi’s “spider” 
Discussion: Kanzi draws his markings on the paper in similar use of space as the 
outstretched image shown, a curved mark to simply refer to the body and four outward lines 
to represent the long legs, the “X” shape of both the image and the drawing can be seen. 
This drawing cannot be compared with any of Kanzi’s other images, as it shows multiple 
lines radiating outward from  a central body; this corresponds directly to the spider 
  
171
photograph’s uniquely outstretched composition, with linear leg elements reaching outward 
to the corners of the page. The legs are depicted; they are angular as they are the part that 
moves as they hold on to the web. There are also possible cross marks where the web is sort 
of attached to the legs. 
“Strawberry” 
Attribute featured: unknown referential markings 
How attribute is depicted in the drawing: markings made so as Kanzi 
comprehends what they mean  
Similarity to the photograph: low 
Mark-making category: index or symbol 
 
 
 
 
 
 
 
Figure 91. Kanzi’s “strawberry” 
Discussion: Given that he recognized these markings later in test 3; these marks 
seem to convey meaning to him about some unknown aspect of the fruit. These may depict 
lines of movement or convey an unknown meaning the author that Kanzi may answer.  
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“Tree” 
Attribute featured: the crown of the tree; tree trunk 
How attribute is depicted in the drawing: the tree is comparable to the depiction in 
main figurative characteristics,  
Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 92. Kanzi’s “tree” 
 
Discussion: Kanzi depicted not only the crown and its foliage but also two branches 
connected to it. As seen in many of Kanzi’s other drawings,  the connecting line between the 
drawing to the photo is in an intentional place, as it seems his “tree” is a refection of the 
photo. As seen in the giraffe, his drawing can depict the tree in an altered orientation, with 
trunk extending upward and at an angle from the crown. The graphic visual principle of 
“line and mass” is repeated here, possibly connected in movement to the tree, (as a reference 
to climbing perhaps).  Pan Banisha and Kanzi have both repeatedly used lines of 
movements, drawing them completely across the floor to indicate that they want to go 
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outdoors and then sometimes putting a symbol, of where they want to go, at the end of that 
line. 
 
“Shark” – left drawing 
Attribute featured: directional gesture; repetition of shapes and forms; proportion 
of figure; triangularity of fins;  
How attribute is depicted in the drawing: body is referenced by oval shapes; fins 
referenced by angles; length of shark referenced by linear stroke 
Similarity to the photograph: very high 
Mark-making category: icon  
 
 
 
 
 
 
 
 
 
Figure 93. Kanzi’s “shark” (focus on fin) 
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Figure 94. Kanzi’s “shark” icon 
 
Discussion: an intriguing example of iconography can be shown in Kanzi’s drawing 
and emphasised in the tracing in red by the author. The tip of the nose of the shark in the 
photo is the tip on the nose of Kanzi’s possible icon, the line curves ino an elongated shape 
like the main image itself with a triangle intentionally placed in the top middle part as it 
corresponds with the dorsal fin of the shark another angle is drawn on the other side from 
below perhaps describing a side fin, the body itself is simply represented in two ovals from 
either side of the drawn body. The shark drawn in one style, over the image and is 
connected, by another line to the shark drawn in another style meaning in the correct 
alignment of proportional correlation of his black markings with the appetence of the dorsal 
fin of the shark. 
“Shark” – right drawing 
Attribute featured: triangular fin shapes 
How attribute is depicted in the drawing: main characteristics of the image are 
depicted and a mark that has possible meaning 
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Similarity to the photograph: very high 
Mark-making category: icon 
Discussion: Kanzi represented the shark’s dorsal fin as can be seen in the blue 
colored tracing below. 
 
 
 
 
 
 
 
 
Figure 95. Kanzi’s “shark” (fin with tracing) 
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4.2.1 Test 3: Results of Kanzi’s Recall of His Drawings 
Kanzi was shown his twenty drawing 4½ weeks after he produced the images; from 
each drawing he needed to choose the correct one out of 3 different photos (with only one 
being the right depiction). In the event that any drawing had been done on the actual photos, 
this was digital separated from the image backround before presenting to the bonobos. Out 
of 100% Kanzi was correct on 60% of his answers (for each of his drawing trial he had to 
choose one out of three) (Table3). 
which 
drawing we 
showed him 
which photo 
Kanzi 
pointed to 
correct 
answer 
turtle 
(single) strawberry  
leaf glasses  
crab crab * 
giraffe giraffe * 
cow crab  
frog frog * 
chair chair * 
flower strawberry  
rabbit rabbit * 
shark oliver  
keyboard keyboard * 
scorpion turtle  
car chair  
oliver oliver * 
tree tree * 
duck duck * 
lizard car  
spider spider * 
strawberry strawberry * 
snake flower  
shark detail shark * 
  
12 out of 
20 
 
       Table 3. Test 3: Kanzi’s recollection of his drawings (chose out of 3 photographs)  
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4.3 Test 1: Analysis of Pan-Banisha’s Drawings 
“Crab” 
Attribute featured: figurative 
How attribute is depicted in the drawing: main characteristics of the image are the 
central mass surrounded by outline with possible elongation of legs on either side (2 pincer 
shapes can be perhaps seen as well) 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 96. Pan Banisha’s “crab” 
 
Analysis of the drawing: is depicted as a possible central mass, seen as the 
vigorously drawn blotch in the middle of the shape with long extending lines radiating 
outward being the legs. 
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“Giraffe” 
Attribute featured: diagonal verticality 
How attribute is depicted in the drawing: outline of figure is shown 
Similarity to the photograph: high 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 97. Pan Banisha’s “giraffe” 
 
Analysis of the drawing: is depicted in distinctive seemingly iconic outline drawing 
with the elongation of the shape correlated to the animals long slender body, the repetition 
on the appendage may be the legs whilst the concentrated markings may serve as its 
reticulation spots.   
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“Leaf” 
Attribute featured: stem with mass form 
How attribute is depicted in the drawing: repetition of simplified form made in 
line drawing (x3) very similar to a hieroglyphic of ‘leaf’ 
Similarity to the photograph: very high  
Mark-making category: icon 
 
 
 
 
 
 
 
 
 
Figure 98. Pan Banisha’s “leaf” 
 
Analysis of the drawing: is descriptive in that on two occasions (seen in the 
caption) a possible simplification of the leafs shape, into an icon, with stem and oval going 
through it is drawn on the photo, third was perhaps also drawn in the bottom right of the 
photo. 
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“Flower” 
Attribute featured: form-based 
How attribute is depicted in the drawing: main characteristic of this object is it 
radiation petals. 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 99. Pan Banisha’s “flower” 
Analysis of the drawing: the repetitive trait of the flower is its petals, here is the 
only one of Pan Banisha’s drawings that depicts radiation of form out of central nucleus. 
 
 
 
 
 
 
 
  
181
“Tree” 
Attribute featured: trunk with crown 
How attribute is depicted in the drawing: elongation of form with a concentration 
of marking on the top of it; the wide angular base reminiscent of a tree trunk. 
Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 100. Pan Banisha’s “tree” 
 
Analysis of the drawing: an elongation of shape is apparent with possible outward 
stretching ‘branches’ and other markings depicting “foliage.” When green “foliage” and 
brown “trunk” colors are added to Pan Banisha’s drawing a striking resemblance of a  
three-dimensional tree appears, thus the drawing is seemingly iconic and 
representational. 
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“Frog” 
Attribute featured: form-based 
How attribute is depicted in the drawing: main characteristic of this image is it 
repetitive striations 
Similarity to the photograph: low 
Mark-making category: index 
 
 
 
 
 
 
 
 
Figure 101. Pan Banisha’s “frog” 
 
Analysis of the drawing: the curved stripes were perhaps the recognizable main 
feature of this subject.   
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“Turtle” 
Attribute featured: oval mass with legs 
How attribute is depicted in the drawing: simplification of form through line 
drawing of all the main components in their correct respective placement 
Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 102. Pan Banisha’s “turtle” 
 
Analysis of the drawing: a possible icon is drawn here with a central concentration 
of markings in the shape of the ‘shell’ and four appendages stretched out of it including the 
head in seemingly the correct positioning of a ‘turtle’ simplified. For figurative iconic clarity 
the drawing has been colored in by the author (the “shell” is colored pink, while the “head” 
and “legs” ate colored black). Notice the correct proportional alignment of the elements that 
form the turtles body in Pan Banisha’s icon and the original image from the photo. 
 
  
184
“Cow” 
Attribute featured: referential marks 
How attribute is depicted in the drawing: markings that convey graphic 
referencing to Pan Banisha 
Similarity to the photograph: low 
Mark-making category: symbol? 
 
 
 
 
 
 
 
 
Figure 103. Pan Banisha’s “cow” 
 
Analysis of the drawing: unintelligible markings that apparently convey non-
formative attributes of this subject and its reference based on Pan-Banisha’s results.  
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      “Car” 
Attribute featured: unintelligible marks 
How attribute is depicted in the drawing: markings  
Similarity to the photograph: low 
Mark-making category: unknown 
 
 
 
 
 
 
 
Figure 104. Pan Banisha’s “car” 
 
Analysis of the drawing: unintelligible markings. 
 
  
186
“Spider” 
Attribute featured: body with protruding legs 
How attribute is depicted in the drawing: simplified forms characteristic with the 
image 
Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
 
 
Figure 105. Pan Banisha’s “spider” 
 
Analysis of the drawing: some of these markings look somewhat like little icons of 
spiders with a central form and appendages or curved lines stretching outward from it. 
Interestingly, when yellow color is added into the empty space of the circular “stomach” of 
the iconic “spider” Pan Banisha drew recognizability increases and representation of spider 
seems credible. Notice the correct proportional alignment of the elements that form the 
spider’s body in Pan Banisha’s icon and the original image from the photo.
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“Chair” 
Attribute featured: proportions of chair 
How attribute is depicted in the drawing: markings that show reference to some 
visual aspect of image 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 106. Pan Banisha’s “chair” 
 
Analysis of the drawing: markings that through non-formative attributes has 
apparent referencing of the object itself to Pan-Banisha, according to the test 3 results. 
However, in terms  
of parallel lines there can be a geometric analysis of this drawing suggesting a 
three-dimensional type depiction of a chair like grid (as shown in red on the right). 
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“Sun-Glasses” 
Attribute featured: form-based 
How attribute is depicted in the drawing: trapezoid seems characteristic of the 
glasses holder’s shape 
Similarity to the photograph: low 
Mark-making category: index 
 
 
 
 
 
 
Figure 107. Pan Banisha’s “sunglasses” 
 
Analysis of the drawing: unintelligible markings, this was not shown to Pan-
Banisha so we lack data on its reference to her. 
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“Cabin” 
Attribute featured: unintelligible marks 
How attribute is depicted in the drawing: in markings of unknown intention 
Similarity to the photograph: low 
Mark-making category: unknown 
 
 
 
 
 
 
 
 
Figure 108. Pan Banisha’s “log cabin” 
 
  Analysis of the drawing: unintelligible markings. 
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“Keyboard” 
Attribute featured: form-based 
How attribute is depicted in the drawing: very vague repetition of line markings in 
procession  
Similarity to the photograph: low 
Mark-making category: icon 
 
 
 
 
 
                                                                                
  
Figure 109. Pan Banisha’s “keyboard” 
 
Analysis of the drawing: repetition of markings too obscure to know intention. 
While observing Pan Banisha drawing the keyboard, there seemed to be an intentionality to 
her repetitive strokes—all of similar length—that may have referenced the multitude of keys 
on the keyboard. This is not apparent, however, in the final drawing.  
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“Lizard” 
Attribute featured: the spiny protrusions of fingers from each hand 
How attribute is depicted in the drawing: cross shape is characteristic of image’s 
hand 
Similarity to the photograph: low 
Mark-making category: icon 
 
 
 
 
 
 
Figure 110. Pan Banisha’s “lizard” 
 
Analysis of the drawing: the cross like marking may reference the fingers that 
radiate outward on each hand. 
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“Scorpion” 
Attribute featured: verticality of the body; curling of tail; multiple legs 
How attribute is depicted in the drawing: elongation of shape with radiation of 
lines (i.e. legs) 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 111. Pan Banisha’s “scorpion” 
 
Analysis of the drawing: there is a clear reference to central body and tail, with 
multiple legs on both sides of the circular body. In addition, there is a reference to the claws 
and curling tail. Given the high similarity of the photo and drawing, it is surprising that Pan-
Banisha did not show recognition of it later. Tracing the drawing helps clarity of the 
seemingly apparent icon. 
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“Duck” 
Attribute featured: active contour of duck (concavity of outer edges);  
How attribute is depicted in the drawing: ‘mass’ is used to represent the 
characteristic features of the subject 
Similarity to the photograph: very high 
Mark-making category: icon 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 112. Pan Banisha’s “duck” 
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Analysis of the drawing: as shown in Kanzi’s drawing there is emphasis on the 
“mass” or body of the figure, with seemingly correct placement of main elements of the 
duck, such as outstretched wings on both sides, angular legs and head. In close inspection 
there may be two birds depicted in this drawing as shown in the accurate tracing process and 
adding of contours in seemingly visually correct placement. 
 
“Oliver”  
Attribute featured: referential markings known only to Pan Banisha 
How attribute is depicted in the drawing: expansive use of paper space with 
markings similar in composition with image 
Similarity to the photograph: low 
Mark-making category: icon? 
 
 
 
 
 
 
 
 
Figure 113. Pan Banisha’s “Oliver” 
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Analysis of the drawing: these unintelligible combinations of markings either serve 
as a reference of ‘mass’ or body of the chimpanzee image or have a non figurative attribute 
that conveys reference to Pan-Banisha, as shown in her correct response. 
 
“Rabbit” 
Attribute featured: (middle drawing): head, ears, and contour line of the rabbit’s 
back 
How attribute is depicted in the drawing: characteristic feature of circle (head) 
with protruding straight lines from it (ears); direction of the rabbit’s gaze is consistent with 
photo 
Similarity to the photograph: very high 
Mark-making category: icon (middle drawing) or symbol (lower drawing) 
 
 
 
 
 
 
 
     Figure 114. Pan Banisha’s “rabbit” 
Analysis of the drawing: In the middle drawing, there is perhaps a simplified 
reference to a rabbit’s head through a circle with two lines stretching outward. Kanzi made a 
similar mark by creating a circle with angular line connected to it; both later recognized their 
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markings as a “rabbit.” There seems to be correct proportional ratio, even though Pan 
Banisha’s “rabbit” marking is smaller than the image but when traced and enlarged a 
correlation can be made between drawing and image in not only representational but also 
iconic form. There is possible focus of the main characteristic of head, ears, and back 
contour, the ‘two –lined’ marks at the bottom right does not seem accidental and may 
reference the two straight front legs. 
 
“Snake” 
Attribute featured: triangular shape in the photo 
How attribute is depicted in the drawing: pyramid-like composition 
Similarity to the photograph: medium 
Mark-making category: icon 
 
 
 
 
 
 
 
Figure 115. Pan Banisha’s “snake” 
 
Analysis of the drawing: both Kanzi and Pan-Banisha seemed to be showing 
vigorousness by continuously etching in a concentrated area of a dark blotch (Kanzi placed 
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it on the head of the snake in the photo; Pan-Banisha did so on the bottom of her page). This 
type of concentrated blotch appears nowhere else in her drawings, and may some kind of 
discomfort with the snake; it is known that both bonobos dislike snakes. There seems to be a 
triangular wide based form to Pan-Banisha’s drawing, which does correlate with the images 
composition.   
 
“Strawberry” 
Attribute featured: unknown 
How attribute is depicted in the drawing: markings that have curvilinear features 
Similarity to the photograph: medium to low 
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 116. Pan Banisha’s “strawberry” 
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Analysis of the drawing: unintelligible markings with curvilinear lines perhaps 
referencing shape of the image. Pan Banisha’s successful recall of her drawing as referential 
of strawberry suggests that these marks do indeed have meaning to her.  
“Bird (kingfisher)” 
Attribute featured: horizontal beak form; throat contour; foot 
How attribute is depicted in the drawing: ‘mass’ or body of image is depicted 
with outline contour on its right side 
Similarity to the photograph: medium  
Mark-making category: icon 
 
 
 
 
 
 
 
 
Figure 117. Pan Banisha’s “kingfisher bird” 
 
Analysis of the drawing: there is possible concentration of filling in the form of the 
bird in ‘mass’ and the right outline of the shape may reference the beak and body contour; 
according to the results of test 3, Pan-Banisha comprehends its reference. It is noteworthy 
that the direction of the beak is consistent (pointing right) in both photo and drawing. There 
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seem to be two kingfishers depicted in this drawing one in the upper half the second in the 
lower half. 
 
“Shark”  
Attribute featured: triangular shapes in the fins, tail, and head 
How attribute is depicted in the drawing: repetitive markings with triangular form 
are representative of the most prominent visual characteristics of this subject (triangular 
fins) 
Similarity to the photograph: very high 
Mark-making category: iconic 
 
 
 
 
 
 
Figure 118. Pan-Banisha’s “shark” 
 
 
 
Analysis of the drawing: triangular forms are seen in this depiction of shark. Given 
that the shark photo has 9 distinct triangular forms (including head, fins, and tail) it seems 
obvious that the repetitive angular forms in Pan Banisha’s drawing are intentionally iconic. 
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This degree of repetitive angular elements is found nowhere else in the drawings she created 
for other photos. When the shark is turned the other way (to the right) Pan Banisha’s 
marking seem to depict the head and dorsal fin in a 3-dimensional fashion, the proportion of 
the markings match the head when enlarged suggesting possible representational iconic 
competency. Interestingly the main elements of the sharks head appear in correct contour up 
to the fin; their placement is accurate as well in relation to the photo of the head below. The 
arrows suggest direction of the triangular elements depicting the front of the shark, not how 
they align as parallels. The contour in red (on the tracing in the bottom right of the shark 
image) compliments the tracing into an outlined form, as apparently Pan Banisha focused on 
filling it in the visual graphic principle of “mass.” 
 
4.3.1 Test 3: Results of Pan Banisha’s Recall of her Drawings 
 
Fifty percent correct answers out of three choices at each consecutive trial (nine right 
out of 18 trials) is significant and suggestive of referential information that the drawings or 
components of them convey to the chimpanzee in question. These are either non-formative 
or formative attributes that Pan-Banisha relies on. The significance level suggests long-term 
knowledge of what the marking mean or represent (Table 4). 
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Table 4. Test 3: Pan Banisha’s recollection of her drawings (3 photographs shown) 
(below) 
                                                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
order of 
questions 
which 
drawing we 
showed her 
which photo PB 
pointed to 
correct 
answer 
    
1 bird bird * 
2 turtle turtle * 
3 leaf leaf * 
4 crab crab * 
5 giraffe snake  
6 cow cow * 
7 frog car  
8 chair chair * 
9 flower shark  
10 rabbit rabbit * 
11 shark turtle  
12 keyboard bird  
    
14 scorpion cow  
    
16 
turtle 
(single) turtle * 
17 car frog  
18 
shark 
closeup chair   
19   * 
20 cabin lizard  
21 oliver oliver * 
    
    
   9 out of 18 
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4.4 Comparison of Similar Marks in Drawings 
 
Interestingly, Pan Banisha used not only similar angular form to refer to the shark in 
her drawing butalso a certain “star shaped” mark (Figure 119) appeared in both her and 
Kanzi’s drawings. Perhaps this is a mark that both use as reference to the formative 
charachteristic aspect of this animal – its triangular fin. The distinct similarity between 
Kanzi’s and Pan Banisha’s marks is interesting, as both chimpanzees created their mark 
without being present in the other one’s production of it, and without any awareness of what 
the other had drawn. Perhaps this is the first evidence of “universal imagery” in 
chimpanzees? 
 
 
 
 
 
 
Figure 119. Kanzi’s “Shark-mark” (left), Pan Banisha’s “Shark-mark” (right) 
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4.5 Test 2 
 
4.5.1 Test 2(A) 
 
Test 2(A): Here Kanzi and Pan Banisha have the choice of 1 out of 3 photos, the 
icon they are given was made on transparent sheet that is best clear only when actually 
relatively near to the photo itself, requiring them to compare icon to the correct photo, point 
to it, and on 4 occasions Kanzi even placed correctly the icon on the photo itself literally and 
Pan Banisha did this twice. This test requires hand stability, visual/graphic competency and 
comprehending simplification of form by looking at which main components in the icon 
correlate best with which photo. Not all the details of the photographed object are relevant 
only the formal attributes most prominent in the figure itself.  
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Pan Banisha Test 2(A) with transparent icons: She correctly recognized 14 of 29 
icons representing their respective photos, making his average score at a significant success 
ate of 48.52%. (1 out of 3) x 29 consecutive trials, with 14 out of 29 correct (Table 5). 
sequence 
icon 
shown 
photo 
selected correct? 
    
1 chimp strawberry  
2 crab crab yes 
3 clock clock yes 
4 leaf elephant  
5 porcupine truck  
6 chimp camel  
7 truck raccoon  
8 crab crab  
9 wasp squirrel  
10 deer deer yes 
11 guitar bird  
12 guitar squirrel  
13 fire fire  
14 dragonfly dragonfly yes 
15 snail snail yes 
16 spider car  
 takes a break.  
17 rabbit rabbit yes 
18 shark shark yes 
19 squirrel squirrel yes 
20 elephant lizard  
21 giraffe giraffe yes 
22 turtle turtle yes 
23 scorpion scorpion yes 
24 beetle undecided  
25 hand hand yes 
26 tree keyboard  
27 cow bird  
28 cat cat yes 
29 dog frog  
30 butterfly butterfly yes 
    
 
14 out of 
29   
Table 5. Pan-Banisha Test 2A with transparent icons (above) 
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Kanzi Test 2A with transparent icons: (he has difficulty with the slippery sheets) 
He correctly recognized 18 of 34 icons representing their respective photos, making his 
average score at a significant success rate of 52.94%. (1 out of 3) x 34 consecutive trials, 
with 18 out of 34 correct (Table 6). 
sequence 
icon 
shown 
photo 
selected correct? 
    
1 chimp chimp yes 
2 clock clock yes 
3 rabbit rabbit yes 
4 snake snake yes 
5 tree strawberry  
6 turtle turtle yes 
7 dog ?  
8 butterfly shark  
9 porcupine camel  
10 leaf cat  
11 elephant bug  
12 elephant elephant yes 
13 clock duck  
14 shark snail  
15 keyboard strawberry  
16 bird squirrel  
17 bear bear yes 
18 squirrel squirrel yes 
19 hand hand yes 
20 bug bug yes 
21 strawberry strawberry yes 
22 snail snail yes 
23 wasp wasp yes 
24 spider chimp  
25 dragonfly cow  
26 fire  no 
answer 
27 rabbit rabbit yes 
28 guitar guitar yes 
29 deer boat  
30 porcupine cow  
31 boat boat yes 
32 cow cow yes 
33 scorpion scorpion  
34 squirrel dog  
35 cat cat yes 
    
 18 out of 34  
Table 6. Kanzi Test 2A with transparent icons (1 chosen from 3 photographs ) (above) 
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Results: These empirical, quantitative, statistical results conducted in a standardized 
testing methodology suggest that both Kanzi and Pan Banisha are capable of recognizing 
simplified drawn graphic icons with realistic photographs with emphasis on perceiving the 
main formal attributes of each object depicted in photo at a success rate of around 50% 
which is substantially higher above the chance rate in such a testing strategy according to 
statistical binomial distribution formulas.   
 
4.5.2 Test 2(B)  
 
This session was conducted both with Kanzi and Pan Banisha to assess their English 
referencing along with iconic recognition, of a specific icon out of two icons presented, in 
requesting them to point to the iconic subject or object the word depicted. Two icons were 
shown at every trial and the spoken word referred to it. The researcher drew the icons 
according to simplified hieroglyphic style iconography. In a procession of 27 consecutive 
trials, Pan Banisha correctly pointed to the icon the English word represented 23 out of 27 
times. The English acted as an auditory directive in each trial. Pan Banisha and Kanzi’s 
responses suggest that they not only understand the word that was spoken but correlate its 
meaning to the correct icon (i.e., this proves their iconic competence in De Saussure 
‘signifier’ and ‘signified’) above chance rate. Pan Banisha’s success rate was 85.19% (23 
correct of 27) (Table x). Kanzi’s results were 14 out of 21 with a success rate of 66.66% (14 
correct of 21) (Table x). 
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Pan Banisha Test 2(B) Icons to English: (2 icons shown with only 1 correct each 
time) (Table 7) (below) 
word 
requested 
 icon 
selected 
correct 
answer? 
   
truck truck yes 
turtle turtle yes 
hand hand yes 
dog dog yes 
chimp chimp yes 
snake snake yes 
strawberry strawberry yes 
tree bug  
fire fire yes 
canoe canoe yes 
glass glass yes 
raccoon raccoon yes 
elephant clock  
keyboard keyboard yes 
shark shark yes 
cat cat yes 
wasp wasp yes 
guitar guitar yes 
dragonfly dragonfly yes 
   
squirrel spider  
scorpion spider  
leaf leaf yes 
rabbit rabbit yes 
butterfly butterfly yes 
tree tree yes 
clock clock yes 
elephant elephant yes 
   
  23 out of 27 
   
 
Table 7. Pan Banisha Test 2B: Icons to English (above) 
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Kanzi test 2(B) Icons to English (Table 8) Icons to English (2 icons shown with only 1 
correct each time).  
word 
requested 
 icon 
selected 
correct 
answer? 
   
chimp chimp yes 
strawberry strawberry yes 
guitar beetle  
leaf leaf yes 
snake bear  
turtle turtle yes 
rabbit rabbit yes 
hand ?  
glass glass yes 
boat dragonfly  
squirrel squirrel yes 
wasp wasp yes 
cat cat yes 
fire boat  
bird bird yes 
rabbit rabbit yes 
dog dog yes 
bear bear yes 
spider spider yes 
truck ?  
tree dragonfly  
fire bug  
boat guitar  
  14 out of 21 
   
2 icons shown 1 correct 
choice 66.67% 
 
Table 8. Kanzi Test 2B: Icons to English (above)
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4.5.3 Test 2(C) 
 
Test 2C: choosing 1 icon from 2 photos; with only one of two of the photos 
representing the icon at every trial.  Pan Banisha’s Test 2C result: 16 out of 28 correct, 
with a percentage of 57.14 out of a 100%. (Table 9) 
icon  photo    Correct? 
Chimp strawberry No 
Truck truck Yes 
Crab Crab Yes 
Clock Clock Yes 
Porcupine Truck No 
Chimp Camel No 
Truck Raccoon No 
Crab Crab Yes 
Wasp Squirrel No 
Deer Deer Yes 
Guitar Squirrel No 
Fire Fire Yes 
dragonfly Dragonfly Yes 
Snail Snail Yes 
Spider Car No 
Bunny Bunny Yes 
Shark Shark Yes 
Squirrel Squirrel Yes 
Elephant Lizard No 
Giraffe Giraffe Yes 
Turtle Turtle Yes 
Scorpion Scorpion Yes 
Hand Hand Yes 
Tree Keyboard No 
Cow Bird No 
Cat Glass No 
Dog Frog No 
Butterfly Butterfly Yes 
 16 outof 28 57.14% 
Table 9. Pan Banisha’s Test 2C: choosing 1 icon from 2 photos (above)  
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Kanzi Test 2C result: 22 correct out of 33 (choosing 1 icon from 2 photos). 22 out 
of 33 correct, with a percentage of 66.67% out of a 100%. (Table 10) 
 
Table 10. Kanzi Test 2C choosing 1 icon from 
2 photos (above) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
icon 
shown 
photo 
selected 
correct? 
chimp chimp y 
clock clock y 
rabbit rabbit y 
snake snake y 
turtle turtle y 
leaf leaf y 
elephant elephant y 
bear bear y 
squirrel squirrel y 
hand hand y 
bug bug y 
strawberry strawberry y 
snail snail y 
wasp wasp y 
dragonfly dragonfly y 
rabbit rabbit y 
guitar guitar y 
porcupine porcupine y 
boat boat y 
cow cow y 
scorpion scorpion y 
cat cat y 
dog bug n 
butterfly shark n 
porcupine camel n 
elephant bug n 
clock duck n 
shark snail n 
keyboard strawberry n 
bird squirrel n 
spider chimp n 
deer boat n 
squirrel dog n 
 22 out of 
33 
 
Kanzi test 2: 1 icon chosen from 2 
photos 
 66.67%  
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4.5.4 Test 2(D) 
 
Test 2D: (data collected problematic) Kanzi and Pan Banisha were asked to 
recognize the correct icon representing 1 of 6 photograph images; both results were low 
probably due to high distraction level as there were 2 humans (cross fosterers) and 4 
chimpanzees (Matata, Nathan, Kanzi and Pan Banisha) this setting is seemingly not 
preferable for concentration and as such focus on the tests was difficult. All prior tests were 
conducted with 1 human and 1 chimpanzee in the testing room, a standardized strategy used 
in previously published data on chimpanzee iconic research. 
These results may not necessarily represent the true capabilities Pan Banisha and 
Kanzi have shown in all the other test sessions (including the other parts of test 2A/B/C). 
Theoretically, in the future with demonstration and suitable focused setting to both 
chimpanzees results will be consistent with what they have shown up to this point. Kanzi 
(left): (8 correct out of 20, 1 icon from 6 photos); Pan-Banisha (right) (8 correct out of 30, 1 
icon from 6 photos) (Table 11). 
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which icon 
we 
presented 
which 
photo was 
selected 
correct 
answer? 
   
bird clock  
turtle  turtle  yes 
leaf turtle   
crab crab yes 
giraffe leaf  
clock crab  
rabbit lizard  
shark shark yes 
keyboard shark  
tree tree yes 
lizard spider  
spider tree  
bug cat  
butterfly cow  
cow bug/ cow  
elephant butterfly  
racoon cow  
cat elephant  
wasp dragonfly  
guitar truck  
dragonfly wasp  
squirrel squirrel yes 
hand truck  
truck truck yes 
dog strawberry  
chimp snake  
snake snake yes 
strawberry boat  
fire strawberry  
boat boat yes 
   
  
8 out of 
30 correct 
 
Table 11. (above) Test 2(D): Icon recognizing from 6 photograph images by Kanzi  
(left) and Pan-Banisha (right) 
 
 
 
which icon 
we 
presented 
which 
photo was 
selected 
correct 
answer? 
                    
bird bird yes 
turtle  clock  
leaf clock  
crab clock  
giraffe crab  
clock clock yes 
rabbit rabbit  
keyboard rabbit  
tree spider  
lizard tree  
spider lizard  
bug raccoon  
butterfly raccoon  
cow cow yes 
elephant raccoon  
racoon racoon yes 
cat cow  
wasp dragonfly  
   
guitar hand  
dragonfly dragonfly yes 
squirrel squirrel yes 
truck truck yes 
took a break   
dog strawberry  
chimp snake/boat  
snake snake  
strawberry strawberry yes 
fire boat  
boat fire  
  
 8 out of 
28 correct 
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CHAPTER 5.  SUMMARY AND DISCUSSION 
 
5.1 Introduction 
This thesis research has shown statistically that two bonobos raised in a Pan/Homo 
culture, Kanzi and Pan Banisha, have representational iconic image making capabilities, 
hieroglyphic style simplified iconic recognizability, visual graphic literacy and their 
markings have meaning to them. The significant level of recognition Kanzi exhibited in all 
but 1 sub-section of the tests (test 2a/c/d and 3) demonstrates that he was not guessing or 
making his choices arbitrarily but rather has competency in iconic recognition and mark-
making representational imagery and recollection of their meanings across time (4.5 weeks 
after drawing), However, Pan-Banisha had a success rate approaching significance.  
 
5.2   Discussion 
Each of the three tests conducted with the bonobos in this study had a cumulative 
statistical number of trials that enabled calculation of success rate of both bonobo-
chimpanzees. The combination of capabilities shown by Kanzi and Pan Banisha required 
mental processing of graphic simplification of forms from the photos to their drawings, 
abstract thought processes of which unique features represent the photographed object and 
subjects, and also marking the drawings in a way that allows future identification of the 
subject drawn. Further capabilities needed in this research are high graphic literacy and form 
abstraction to enable recognition of hieroglyphic style icons and match them to their 
respective photos.  
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Kanzi and Pan Banisha exhibited combined graphic-visual comprehension qualities 
at different levels; however both managed to complete almost all the tests with full 
participation (aside from Pan Banisha who at times lost interest), thus trying to reflect their 
capacities given the scope of this research. Previously questionable traits (as seen in the 
literature; Lenain 1997; Fouts et al. 1997) have been refuted in this research. This was the 
widely held thought of the chimpanzee’s incapability to hold a pen or marker stably, control 
their markings in fine motor skills of hand movements, and concentrate on their 
interpretation of the objects depicted in a fashion that was recognizable to the researcher. 
The significant validations (or in Pan Banisha’s case, a trend towards significance: p=0.06) 
of the correct recognition responses by the bonobos in this study refutes these assumptions. 
 This study was the first to systematically explore the subject of chimpanzee mark-
making, representational drawing and graphic comprehension of simplified iconic form, 
through three standardized tests that are scientifically reproducible and quantifiable. The 
authr’s intentions were to control for a number of different variables in validating this type 
of research. With relatively long term personal relationship building of several months with 
both Kanzi and Pan Banisha (more so with Kanzi), bilateral cooperation was established, 
and the author owes profound gratitude to their patience and tolerance of this rather 
extensive study. The same appreciation is owed to both their bicultural parents, Liz Rupert 
Pugh and Sue S. Rumbaugh for providing an atmosphere of understanding and logistical 
support.  
The possible implications of this study stems from the expansion of what was 
previously thought to be a limit to chimpanzee intellectual graphic capacities. This study 
may serve as a possible medium for better understanding non-human hominid inter-species 
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communication outside the realm of bicultural rearing and into sanctuary and zoo 
environments. When language barriers arise between humans, other means of meaningful 
communication are utilized; the same logic should apply between members of human and 
non human hominids. When two hominids do not know how to understand the other’s 
language, representational mark-making, hand gestures, facial expressions, miming and 
body language  can be used in  place of spoken language.  
It is the hope of this author that there would be no more need for cross-fostering any 
hominid into a human household in order to learn meaningful informational exchange with 
each-other, but rather to incorporate the strategy of a bicultural (Pan/Homo) setting in which 
a chimpanzee family and a human family can develop a way of understanding and learning 
about the other’s culture (as in S. Rumbaugh’s research). Hopefully, in the future, such 
bicultural exchanges will be the new face of captive hominid studies (while taking utmost 
care in the wellbeing of both sides). Experiential human/chimpanzee understanding and 
sharing of positive interests and exposure to both cultures seem more beneficial than training 
in order to achieve informational exchange. As long as non-human hominids will be given 
the chance to express their capabilities in an enriching environment, more “once thought 
uniquely human traits” will likely appear in them.        
These tests were statistically calculated for their significance (success rate), with the 
results exhibiting capabilities that Bonobo-Chimpanzees have never been shown empirically 
to have prior to this research. The capabilities needed to accomplish such tests were: visual 
literacy and high cognition allowing for graphic representation and interpretation – an 
assembly of traits thought unique only to humans. The results of this study show that: (1) 
They do have representational mark-making capabilities; (2) They can recognize extremely 
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simplified Hieroglyphic style icons from photographs and (3) Their marks have referential 
meaning to the Bonobo-Chimpanzees across time, in which each drawing has some 
"memory agent" or marks that convey meaning to them. These results were statistically 
significant in Kanzi (Bonobo-Chimpanzee) and approaching significance in Pan-Banisha 
(Bonobo-Chimpanzee). The author's analyses and his recognition of their drawings as 
representational and iconic attributes of their graphic creation did not differ from the 
bonobo-chimpanzees matching of them with the results showing significance in test 3.  
 These findings shed new light on the graphical comprehension of bonobo 
capabilities in the study of production of representational imagery and iconic recognition in 
a level not seen in the literature. The combination of consecutive tests in this research 
demonstrated these skills. It may be that previous Hominid researchers did not empirically 
test these capabilities as it seemed marginal to the endeavor of long-term symbolic language 
acquisition and inter-species communication. Another possibility is that these visual-graphic 
interpretation, representation and production capabilities were thought to be too complex for 
chimpanzees as this assemblage of traits was thought to be uniquely human. 
The reason for Kanzi's significant results in this research is likely to be due to the 
strong long term relationship that had been established between the author and Kanzi, in 
which the author had frequent and lengthy sessions over a couple of months with Kanzi by 
his side, establishing a rapport, listening to one another via English and Lexigram, playing, 
singing, drawing, eating, sleeping and painting. Pan-Banisha did not spend personal time 
with the author prior to this research testing. It is the understanding and trust between the 
author and Kanzi that allowed for a successful exchange of information and a bilateral 
willingness to spend more time together and accomplish the tasks. This research stemmed 
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from the quality time spent with Kanzi in 2006, as the author then learned that Kanzi can 
draw in collaboration with him, exhibiting capabilities of learning how to draw Hebrew 
symbols (see appendix: i.e. Kanzi's Peace Dove, Chai, Evil Eye and Hamsa symbols as 
demonstrated by the author). 
The methods used to analyze Kanzi and Pan-Banisha's drawings were based on past 
interpretations of Paleolithic symbolic art and mark-making analyses and tracings conducted 
in cave art dwellings in the Pyrenees by Henri Breuil, Max Raphael (Figure 120) (Curtis, 
2006), and by the Australian Aborigine ethnographer Jeff Doring, who found real objects 
and animals that reflect the intended meanings in their cave and rock art by listening to 
Aborigine elders explaining them (Doring, 2000). Further analysis strategies of interpreting 
Kanzi and Pan-Banisha's drawings were adopted from Aboriginal rock-art sketches 
described by Daniel S. Davidson in terms of element placement, proportion of components 
representing an object, and composition of markings (Davidson, 1936). 
 
 
 
 
 
 
 
   
Figure 120. Henri Breuil’s tracing of a lioness at Les Trois-Frères cave, France 
(right) Max Raphael’s analysis of the ceiling in Altamira cave, Spain (left) (G. Curtis, 
2006) 
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These results are deserving of a continued multidisciplinary approach to Hominid 
interspecies communication. Future directions that can be taken from this research would 
include further integration of disciplines from comparative psychology, art, semiotics, 
symbology, anthropology, human prehistory and cultural studies, to begin analyzing data 
collected from bicultural hominids participating in interspecies communication and in 
natural non-human hominid communities, to discover new competencies present in them 
that were previously thought to be uniquely human. For example, these might include: 
rhythmic music production, imagination and creativity. Additional research might also 
include further mark-making analyses, and studying the archived data of intelligent two-way 
conversations about past, present and future occurrences from bicultural hominids (Kanzi, 
Pan-Banisha and their family) and cross-fostered hominids (i.e. Koko, Michael, Washoe, 
Moja, Tatu, Lucy, Vicky, Booee, Bruno etc). 
The possibilities of iconic recognizability by bicultural hominids, as demonstrated by 
this thesis research, may give credence to using iconic and ideogram (action or contextual 
concepts) signs to further expand bilateral intelligent communication with the non-human 
hominids. Iconic and indexical15 sign recognizability can be expanded further to show ever 
more associative thinking and complex problem solving, abstract thought, and 
comprehension capabilities that have been demonstrated in bicultural hominids. 
 
 
                                                 
15 For example: an icon of "fire" to refer to a photo of a house with smoke coming out of its 
window; or icon of "feather" to signify a bird photo, etc. 
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It is important to mention that the existing literature prior to this research has not 
shown non-human hominids empirically tested with such extremely simplified icons of the 
hieroglyphic style. Nor has it shown a quantitative study of analyzing non-human hominid 
representational iconic drawings as presented here. There was no precedent to follow for 
how to examine and analyze Bonobo-Chimpanzee drawings, requiring the author to invent 
an analysis method and framework adopted from cave and rock art research.    
As an implication of this research it can be assumed that other Bonobo-Chimpanzees 
have the potential for the abilities that Kanzi and Pan-Banisha demonstrated, as all other 
non-human hominids have the potential to develop all these skills and capabilities. This 
would be dependant on their socio-cultural environment that they are raised in. In a 
bicultural Chimpanzee (Pan) family group interacting in meaningful bilateral 
communication with a human group (Homo) in which symbolic and graphical informational 
exchange is a medium of conversation, such capabilities will appear. There is however the 
issue of critical graphic literacy learning period which is thought to be based in ages 1-10 
years (this age range is according to Matsuzawa, 1994). In this research it has to be stated 
that both Kanzi and Pan-Banisha were not “aping” or simply imitating the researcher but 
that they clearly did not even follow the short demonstration session depicting icons based 
on outlines, but rather they adapted their own iconic representation based on another form-
base attribute of ‘mass’ (concentrating of filling in the main components opposed to 
outlining them). Also, the drawings shown in the demonstration of test 1 were different 
objects than the ones they were empirically tested for. 
     
  
220
The difference between recognizing and matching a simplified hieroglyphic style 
icon to its respective photo and with recognizing icons from English, is that we can not 
certain (with photographs) that the Bonobo-Chimpanzee has grasped the abstract meaning 
behind the photographed images. But rather he or she comprehended the main visual form-
based attributes the icon and photograph share via representation. Iconic representation and 
production, exhibited by Kanzi and Pan-Banisha, is done through simplification and 
identification of the main features of the image without necessarily knowing what the object 
looks like in reality beyond the photograph (some of the objects shown in the photographs 
were never before known by them). But when the Bonobo-Chimpanzees are correctly 
matching simplified hieroglyphic icon to English, this further proves that they have a mental 
image of what the object looks like in reality (as they remember it in real life) and that the 
icon correctly resembles this graphically. For example, Test 2(B) is where both Kanzi and 
Pan-Banisha showed statistical significance in hieroglyphic ‘symbol’ competency in which 
they were able to recognize the meaning and reference of an icon via English alone without 
photographic reference, meaning they had a mental image of what represents a “squirrel” 
(correctly chosen from English stimuli out of two different icons).This suggests not only 
high intellectual capability and abstract thought but also further graphic iconic competency. 
Test 2(B) was conducted as an example of further graphic literacy capabilities that the 
Bonobo-Chimpanzees also possess, deserving of additional future observations beyond the 
scope of this study.  
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5.3 Future Directions 
 
Future directions in continuing this research can be extended by showing Kanzi Pan-
Banisha’s iconic and representational drawings and vise versa, and perhaps even sharing 
these with other graphically competent hominids (i.e. Koko Gorilla and Ai Chimpanzee). If 
Koko and Ai recognize the meanings behind Kanzi or Pan-Banisha’s icons this may suggest 
cross-hominid universal imagery. Another interesting research direction is whether new 
signs that were made by the Bonobo-Chimpanzees themselves can serve as an addition to 
existing lexigrams or perhaps serve as a Hominin self-made iconic lexicon.     
This research is important through its interdisciplinary investigations into Hominid 
meaningful communication research that added new approaches and new questions together 
with an invented framework to analyze future marks and icons produced by Hominids.  
The authors' innovation is in combining a multidisciplinary approach uniting three 
academic disciplines previously not shown to scientifically integrate in the known literature: 
the researcher’s background in History of the Arts, Symbology and Hominid Anthropology 
united together, first in theory and then in practice to establish a unique and comprehensive 
framework of bilateral research with non-human hominins (Bonobo-Chimpanzees). These 
include empirical testing based on seeing non-human hominids’ behavioral and cultural 
competencies as being shared with human hominids by virtue of  being within the same 
taxonomic family Hominidae (the taxonomic family of humans and their relatives); this 
classification supports the use of non-human hominids as legitimate comparative models for 
studying early Homo culture. In addition, it could be useful in understanding behavioral 
strategies in sanctuary settings and in their wild cultural communities. The reason behind 
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how the author came up with this new methodology may be due to his Israeli cultural 
background, in which cave dwellings are an integral part of his country’s pre-history. The 
Hebrew alphabet itself is based on Canaan iconic script that developed into letters. The 
author’s academic background in the history of social deviation and understanding those 
who are different and who communicate differently may have brought about a respectful and 
unbiased approach to his research participants.   
Lastly, the similarity between the markings made by Kanzi and Pan-Banisha 
supports the idea that Hominids may have a possibly “uniform” way of producing 
representations and marks, as do humans trying to draw the same object.  
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APPENDIX A.  ADDITIONAL MATERIAL 
Table 12. Comparison between Pan-Banisha freehand markings with Greek 
Alphabet and unintelligible Neolithic markings 
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Figure 121. Pan-Banisha’s freehand marks (made: July 17, 1997). Interesting 
how it resembles early human scripts. 
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Table 13. Kanzi Bonobo and the author’s Hebrew symbol comparison 
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Figure 122. Kanzi’s Hebrew “Chai” Symbol (above left); 
     Origional Hebrew “Chai” Symbol (above right)16 
 
 
 
 
                     
Figure 123. Kanzi’s enclosure wall 
 
 
 
                                                 
16 Kanzi scraped these marks that are strikingly similar to the Hebrew symbol “Chai” on his 
lexigram sheet a month or so after the author made these symbols on his enclosure’s wall.  
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                                              Figure 124. Kanzi’s Peace Dove17 
 
 
 
 
 
 
                                                 
17 Above on the right is Kanzi’s ‘peace dove’; on the left is what the author drew a 
few minutes before hand (the line drawing), the painted dove below (on the left) was placed 
next to them on the floor during the drawing session. 
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Figure 125. 18 Painting: “me myself good” (above; author’s tracing in black on 
left) by Michael gorilla (below) (koko.org) 
 
 
 
 
 
 
 
 
                                                 
 
18 The author’s brother, Orr Roffman discovered in this painting by Michael Gorilla (above) a 
portrait of “Michael” (below) Michael named this painting: “me myself good” (signing it with his 
hand print). 
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Figure 126. Kanzi, S. Rumbaugh Test 2 (above)           Figure 127. Kanzi Test 3 (above) 
 
 
 
 
 
Figure 128. Kanzi Test 3 (above)                        Figure 129. Pan-Banisha Test 2  (above)                          
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Figure 130. Kanzi talking on lexigram (above) Figure 131. Pan-Banisha, L. Fontaine; 
Author (above) 
 
 
 
 
 
 
 
 
Figure 132. Pan-Banisha with Author (above) 
 
Figure 133. Pan-Banisha drawing (right) 
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APPENDIX B.  STATISTICAL RESULTS 
                                                         
Table 14. Test 3 
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Table 15. Test 2(C)                                       
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Table 16. Test 2(D) 
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Table 17. Test 2(A) 
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Table 18. Test 2(B) 
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